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ABSTRACT 

We have gathered optical photometry data from the hterature on a large sample of Swift-cva gamma- 
ray burst (GRB) afterglows including GRBs up to September 2009, for a total of 76 GRBs, and present 
an additional three pve-Swift GRBs not included in an earlier sample. Furthermore, we publish 840 
additional new photometry data points on a total of 42 GRB afterglows, including large data sets 
for GRBs 050319, 050408, 050802, 050820A, 050922C, 060418, 080413A and 080810. We analyzed 
the light curves of all GRBs in the sample and derived spectral energy distributions for the sample 
with the best data quality, allowing us to estimate the host galaxy extinction. We transformed the 
afterglow light curves into an extinction-corrected z = 1 system and compared their luminosities with 
a sample of pie-Swift afterglows. The results of a former study, which showed that GRB afterglows 
clustered and exhibited a bimodal distribution in luminosity space, is weakened by the larger sample. 
We found that the luminosity distribution of the two afterglow samples (Swift-era and pie-Swift) 
are very similar, and that a subsample for which we were not able to estimate the extinction, which 
is fainter than the main sample, can be explained by assuming a moderate amount of line-of-sight 
host extinction. We derived bolometric isotropic energies for all GRBs in our sample, and found 
only a tentative correlation between the prompt energy release and the optical afterglow luminosity 
at one day after the GRB in the z = 1 system. A comparative study of the optical luminosities of 
GRB afterglows with echellc spectra (which show a high number of foreground absorbing systems) 
and those without reveals no indication that the former are statistically significantly more luminous. 
Furthermore, we propose the existence of an upper ceiling on afterglow luminosities and study the 
luminosity distribution at early times, which was not accessible before the advent of the Swift satellite. 
Most GRBs feature afterglows that are dominated by the forward shock from early times on. Finally, 
we present the first indications of a class of long GRBs which form a bridge between the typical high- 
luminosity, high-redshift events and nearby low-luminosity events (which are also associated with 
spectroscopic SNe) in terms of energetics and observed redshift distribution, indicating a continuous 
distribution overall. 
Subject headings: gamma rays: bursts 
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1. INTRODUCTION 

The study of the optical afterglows of gamma-ray 
bursts (GRBs), first di scovered over a decade ago 
(|van Paradiis et ahl I1997D , has taken a g reat leap for- 
ward with the launch of the Swift satellite (jGehrels et alj 
l2004f ) . Its high 7-ray sensitivity and rapid repointing ca- 
pabilities have ushered in an era of dense early afterglow 
observations. In the optical regime, one sobering result 
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is that early afterglows are not as bright as expected, 
and early optical fai ntness seems to be t he norm rather 
than the exception (jRoming et al.l [20061) . Furthermore, 
Swift-era. optical afterglows are usually observed to have 
fainter mag nitudes tha n those of the w e- Swift era (e.g.. 
iBerger et ah . 2005a . b: Fiore et al.l 120071 ) (mainly due to 
even faint afterglows often being discovered thanks to 
the ra pid XRT positions), an d also lie at highe r red- 
shifts jjakobsson et al.ll2006al: iBagolv et al.ll2006D with 
the most distant up to now at z = 8.2 |Tanvir et al.ll2009l : 
ISalv aterra et al. 20 09*0 ). For re cent rev i ews of t he impact 
of Sw ift o n GRB research see I Zhang! (|2007| ). iMeszarosI 
((2001) and lGehrels eFall ([20091) . 

The pre- Swift afterglows have been studied exten- 
sively, both in terms of their light curve be havior (e.g. 
iPanaitescu fc Kumad l2002t iZeh et al.l 120061 and refer- 
ences tlierein)j_aiidvia^hei^ distributions 
fe.g.-lStratta et al.ll2004t iKann et al.l[2006: ' ,Starhng et al.l 
I2007ar which allow conclusions to be drawn concerning 
the rest frame line-of-sight extinction and e ven the dust 
type in some cases. In our previous study ()Kann et al.l 
[2001 henceforth K06), we found that the afterglows that 
met our selection criteria typically had little line-of-sight 
extinction, and that the dust properties were best de- 
scribed by Small Magellanic Cloud (SMC) dust, which 
shows no UV bump and strong FUV extin ction ('e.g..lPei| 
I1992D. These resuhs were confirmed by iStarling et al.l 
(|2007a( ). who studied a smaller sample b ut also incor- 
orated X-ra y afterglow data, as well as iSchadv et al.l 
2007al l2010t ) , who also employed joint optical-to-X-ray 
fits as well as UVOT (and ground-based) data. 

Almost six years after the launch of Swift, the amount 
of published data on optical/NIR GRB afterglows have 
become sufficient to compile a large sample comparable 
to the pre- Swift sample studied by K06, and to deter- 
mine if some of the afterglows detected by Swift are truly 
fundamentally different to those of the ure- Swift era. 
K06, a s weU as lLiang fc Zhanj (I2006D and lNardini et al.l 
(|2006f ). found a clustering in the optical luminosities af- 
ter correcting the afterglows for line-of-sight extinction 
(Galactic and intrinsic) and host contribution, followed 
by a transformation to a common redshift (such a clus- 
tering has also be en reported in the host-frame near- 
infrared bands by iGendre et al.l [2008D . Therefore, one 
could speculate that the observationally fainter Swift af- 
terglows might be intrinsically fainter too, implying that 
the clustering of luminosities may be due to a sample 
selection effect. 

Another triumph of Swift (and H ETE II, 
IVillasenor et al.l 120051 see iLamb et all 120041 for more 
HETE results) was the discov ery of optic al counter- 
parts to short GRBs ( Hiorth ct all l2005bl : iFox et al.l 
[2OOI iCovino et all [2006aD . whic h, along with X-ray 
(|Gehrels et all l2005| ) a^ radio (jBerger et al.l l2005d ) 
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afterglows, have placed these GRBs into a cosmological 
context too, via accurate localization and host galaxy 
spectroscopy. Further observations, though, have 
blurred the "classical" short /hard vs. long /soft GRB 
dichotomy (jKouvehotou et al.l 119931 iFord et al.l Il995f ). 
The first was the discovery of GRBs with light curves 
consisting of short, hard spikes followed by extended soft 
emission components which led to Tgo ~ 100 s, such as in 
the case of GRB 050724, which i s unambiguously associ- 
ated with an early- type galaxy (Barthclmv et al.'l2005a 



Berger et al.. 2005c: G rupe et al. 200Gb; Gorosab cl et al.l 
200a IMalesani et aTl l2007d[ ). Further comphcations 



arose with the discovery of the temporally long, nearby 
events GRB 060505 and GRB 0606 14, which lacked SN 
emission down to very dee p levels jF ynbo et al.'l 2006bl: 
Delia Valle et al.l[2006b: G al- Yam et a l. 2006; Ofe k et al.l 



2007f ). The absence of SN emission is a hallmark of 
short GRBs^ fe.g.. iHiorth et al.|[2005at iFox et al.l [20051: 



iFerrero et al.ll2007bh . which are thought to derive from 
the merger of compact objects such as neutron sta rs and 
black holes (E lin nikov et all [T984al lbl: [Faczviiski 119861 : 
iGoodmanlligMlEichiCT et allll989[) . Long GRBs, on the 
other hand, have been conclusively linked to the explo- 
sions of massive st ars iG alama et al. 1998; Hiort h et al 
2003|:lStanek et a l.ll200 iiMalcsani et al.«2004f ian et al 



200a iGhornocr ct al. 20101 iStarling et al.ll2010[ ). show- 



ing a photometric SN signature in case the re dshift was 
z < 0.7 and deep searches were carried out ()Zeh et al.l 
l2004f ). The existence of temporally long events which 
otherwise show signatures of "short" GRBs (e.g., begin- 
ning with sh ort, spiky emission and havi ng negligible 
spectra l lag, iNorri s fc Bonnell' '200 61) led iZhang et al.l 
(|2007al see also [Zhang 2006: Gch rels et al.l 120061 ) to 
introduce an alternative definition. GRBs that have 
compact-object mergers as progenitors^ (independent of 
their duration) are labeled Type I GRBs, while those 
with massive star progenitors (including X-Ray flashes, 
XRFs) are Type II GRBs. While this nomenclature has 
its disadvantages'^, we will adopt it in the following. 

In this study, we compile a large amount of opti- 
cal/NIR photometric data on Swift-cra. Type II GRB 
afterglows (detected by Swift, INTEGRAL, HETE II, 
Fermi and the IPN). We create three samples (see § [5] 

^ GRB 060614 and GRB 060505 arc discussed in detail in 
IKann et al.l II2008I) . Still, we wish to point out here that alter- 
native explanations tying t hese GRBs to the deaths of massive 
stars have been proposed ( F vnbo_et_^L[ 2006b!; 'Delia Valle et al. 
[2006b: Gal- Yam ct al. 2006: Th one et aT l2008a: McBreen et al. 
12008) . with negligible radioa ctivity-driven em i ssion being either 
due to fallback black holes HFrver et al.l l2006l . 120071) or low en- 
ergy deposition when the j et penetrates the star I INomoto et al.l 
120071 : ribminaga et al.ll2007l) . At this time, the available observa- 
tional information points to GRB 060614, despite its long dura- 
tion, not being associated with th e death of a young, massive star 
IIGehrels et al.ll2006l : [Zhang et al.| [2007a. 200^), while GRB 060505 
is, both through analysis of its cnviromncnt ( Thone et al.ll2008al ) 
and due to non-negligible spectral lag (McBrcen^ et al.ll2008l)" 

^ To be more general, those that arc not associated with the core 
collapse of young, massive stars. 

^ Not only does it need multiple observational aspects, which 
are oft en not accessible, to associate a GRB with one type or the 
other IjZhang et al.ll2009l ). but it also links the greater part of all 
detected GRBs through rather diverse properties (duration and/or 
spectral lag, for example) to the small sample of events where clear 
distinctions can be made, such as GRB 050724 (not associated with 
massive star formation) and GRB 030329 (associated directly with 
the explosion of a massive star). 



for details). The "Golden Sample" (§[1X21) follows the 
quality criteria given in K06. The "Silver Sample" (§ 
I2.2.3P consists of GRB afterglows with good light curve 
coverage, but where certain assumptions have to be made 
to create the SED. The "Bronze Sample" (^ I2.2.4p com- 
prises GRBs with good light curve coverage but where 
we are not able to derive an SED. For these afterglows, 
we assume no dust extinction, thus deriving a lower limit 
on the afterglow luminosity only. Furthermore, we com- 
pile the prompt emission parameters of all bursts (in- 
cluding the K06 GRBs) and derive the cosmological cor- 
rections and bolometric isotropic energies (§ 12. Bp . We 
then undertake a comparison of the GRB afterglows of 
the pve-Swift and the Swift era (§[3]). A comparison of 
the complete Type II GRB afterglow sample with the 
aftergl ows of Type I GRB s is presented in a companion 
paper (jKann et al.l 120081 henceforth Paper II). There, 
we also detail the criteria for separating GRBs into the 
Type I and Type II samples. The GRBs presented in 
this paper are those that do not show any indication of 
b eing a Type I event , more specifically, following Fig. 8 
of IZhang et"al] (I2009D . all GRBs presented in this paper 
are either classified as Type II GRBs or Type II GRB 
candidates. This is especially tr ue for the two high - 
est redshift events, GRB 080913 (iGreiner et al.ll2009bO 
and GRB 090423 ()Tanvir et all 120091: iSalvaterra et alj 
l2009bD . which are intrinsically of short-duration, but are 
very probably due to collapsars both from their observa- 
tional properties ([Zhang et al.ll200"9l ) as well as the ba- 
sic observability of high -z events with current detectors 
([Belczvnski et al.ll20ld[) . 

In our calculations we assume a fiat universe with a 
matter density D,m = 0.27, a cosmological constant f^A = 
0.73, and a Hubble constant Hq = 71 km s~^ Mpc~^ 
([Spergel et al.l [20031) . Errors are given at the Icr, and 
upper limits at the 3ct level for a parameter of interest. 

2. DATA COLLECTION AND ANALYSIS METHODS 
2.1. Additional photometric observations 

In addition to collecting all available data from the 
literature, we present further photometric observations 
of GRB afterglows included in our samples in this pa- 
per, many of them published here for the first time, with 
the rest being revised from preliminary values originally 
published in the GCN Circulars^. Some are identical to 
GCN magnitudes reported earlier, when these have been 
deemed to be the final values. 

In Appendix[Xl we present information on observations 
as well as a table (Table [J) containing 840 data points 
of 42 GRBs contained in our samples (including the last 
two pre-Swift GRBs of the K06 sample, GRBs 040924 
and GRB 041006). Observations have been reduced and 
analyzed with standard procedures under IRAF^ and MI- 
DAS^, magnitudes being derived by aperature and PSF 
photometry against calibrator stars. See Appendix \K\ for 
more details on specific calibrators and special analysis 
techniques in some cases. 

http:/ /gen. gsfc.nasa.gov/gcn3_archive. html 

^ http:/ /iraf.noao.edu/ IRAF is distributed by the National Op- 
tical Astronomy Observatories, which arc operated by the Associ- 
ation of Universities for Research in Astronomy, Inc., under coop- 
erative agreement with the National Science Foundation. 

^ http:/ /www. eso.org/sci/data-processing/software/esomidas/ 
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2.2. The Samples 

Further to our own photometry, we compiled opti- 
cal/NIR afterglow data from public sources (all refer- 
ences can be found in the Appendices) on a total of 79 
GRBs with redshifts (three of them photometric, all oth- 
ers spectroscopic) and good light curve coverage (extend- 
ing to about 1 day in the observer frame if the GRB 
were at z = 1, with a few exceptions) from the Swift 
era (from the end of 2004 to September 2009), a few of 
which have been localized by missions other than Swift, 
such as HETE II, INTEGRAL, the Third Interplanetary 
Network [IPN) and most recently Fermi. This is to be 
compared with a total of 251 Type II GRB afterglows in 
the Swift-eia. as of the end of September 2009, of these, 
146 have redshifts (122 spectroscopic, 6 photometric, 18 
host galaxy-derived)''. All the remaining GRBs did not 
have redshifts and/or sufficient light curve coverage to 
be included in the sample. Depending on the data qual- 
ity, we sort the 79 GRB afterglows into three different 
samples (with one further split temporally). All after- 
glow da ta are corrected for G alactic extinction using the 
maps of iSchlegel et al.l (|1998l ). 

2.2.1. The pre-Swift era "Golden Sample" ~ An update 

This sample comprises three GRBs. These were all in- 
cluded in the complete sample of K06, but not in their 
Golden Sample due to the SEDs not conforming to the 
sample selection criteria. Additional data (GRB 990510) 
and more diligent analysis (GRB 011211, GRB 030323) 
have led us to include them in the pre- Swift Golden Sam- 
ple. See Appendix IB. II for more details. 



2.2.2. The Swift-era "Golden Sample" 

This sample comprises 48 GRBs. These GRBs fulfill 
the criteria of the Golden Sample of K06 and are thus 
directly comparable^. The criteria are (K06): 

1. The la error in /3 (A/3) and the la error in Ay 
(AAy) should both be < 0.5. 



2. A 



A^v > 0. 



3. We do not consider GRBs where all fits (MW, 
LMC, and SMC) find Ay < 0, even if the previ- 
ous criterium is fulfilled^. 

4. /3 > (although we do not reject cases with /3 — 
A/3 < 0). 

5. A known redshift (derived from absorption line 
spectroscopy in most cases, with some GRBs hav- 
ing redshifts from host galaxy spectroscopy (e.g., 
XRF 050416A, GRB 061126), and some being 
photometric redshifts (e.g., GRB 050801, GRB 
080916C). 

http:/ /www. mpe.mpg.de/~jcg/grbgen. html 

* Note that in our case, the derived extinction is always model- 
dependent, see, e.g., Watson et al. (200(?) for a discussion on 
model-dependent and model-independent extinction estimations. 

^ Such negative extinction is usually found when scatter in the 
SED results in data points in the blue region being too bright, or 
an overbright data point creating a "2175 A emission bump". In 
such cases, the fitting program determines that the best fit is then 
"emissive dust" which creates an upward curvature, Ay < and 
/3>/3o. 



Det ails on the GRB afterglows can be found in Appendix 

El 

2.2.3. The Swift-era "Silver Sample" 

This sample comprises 14 GRBs. These GRBs have 
well-detected multi-color afterglow light curves but the 
derived SEDs do not conform to the quality standards 
of the "Golden Sample". Certain reasonable assump- 
tions are made to derive /3 and thus using the the- 
oretical relations derived from the fireball model (e.g., 
IZhang fc Meszaro3l2004[ ). We treated different cases in- 
dividually, the assumptions are listed for each GRB in 
Appendix lB.3l In some cases, /3 is derived from the mea- 
sured pre-break afterglow decay slope a, in other cases, 
we us the X-ray spec tral slope (3x as g i ven o n the XRT 
repository webpage (jEvans et al.l l2007l I2009D . with the 
assumed optical spectral slope being either /3 = /3x or 
/3 = Px — 0.5. Further details on the GRB afterglows 
can be found in Appendix IB.3| see there especially for 
the case of GRB 071025. Note that aU GRBs presented 
in K06 which were not included in their Golden Sample 
(an additional 11 GRBs, their Table 1) fit these "Silver 
Sample" selection criteria (three of these 11 GRBs are 
now presented in this work and have been added to the 
pie- Swift "Golden Sample"). 

2.2.4. The Swift-era "Bronze Sample" 

The sample selection criteria used to define the Golden 
and Silver Samples includes a s ignificant selectiori bias 
against dust obscured systems (jFvnbo et al.ll2009h . In 
limiting ourselves to afterglows that have good multi- 
color observations (which is usually only the case for 
observationally bright afterglows), we may be missing 
out a population of fainter afterglows that would in- 
crease the spread of luminosities, in principle possi- 
bly bringing Type II GRB afterglows closer to those 
of Type I GRBs (Paper II). Reducing this selection 
bias is a complicated task, though. As detailed in Pa- 
per II, we expect no significant rest frame dust extinc- 
tion along the line of sight to Type I GRB afterglows, 
and only a small spread in redshift, ranging (for now) 
from z = 0.1 to roughly z = 1. Both assumptions 
are invalid for Typ e II GRBs, which have been de- 
tected up to z = 8.2 (jTanvir et al.ll2009l : iSalvaterra et al.l 
l2009bD . and can be strongly extinguis hed by dust in 
their host galaxies (e.g., GRB 051022: IRol et al. 200l 
ICastro-Tirado et al.l [20071 iNakagawa et al.l I200& GRB 



060923 A: iTanvir et alj I2008al GRB 61222A, GRB 
070521: IPerlev et al.l(200 9d'. GRB 07030 6: iJaunsen et al.l 



[2058l GRB 080607: iProchaska et al.l 120091 and GRB 



090417B: lHolland et aij|2010[ ). An u^nown redshift can 
have a strong influence on the magnitude shift (denoted 
dRc, see § 12. 3p . that is applied when transforming an 
afterglow from its observed redshift to a common red- 
shift of z = 1. An unknown rest frame extinction can 
only make the afterglow more luminous if it were cor- 
rected for^°. Therefore we create a third Type II GRB 
afterglow sample which we denote the "Bronze Sam- 
ple". The selection criteria are the following: Firstly, 
the GRB must have a well-constrained redshift. In all 

Note that an unknown redshift also implies an additional un- 
certainty in the host galaxy extinction, but this effect will usually 
be minor compared to the pure distance effect. 
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selected GRBs, this is a spectroscopic redshift, but we 
would not exclude GRBs with well-constrained photo- 
metric rcdshifts. We will not use GRB s that only have 
pseudo-redshifts (jPelangeon et al.ll2006( ). The knowledge 
of the redshift removes the strongest uncertainty in the 
luminosity derivation. Secondly, the redshift must be 
2; < 4, to keep the Rc band (which is usually the band 
with the best measurements) unaffected by host galaxy 
Lyman a absorption or intergalactic Lyman a blanket- 
ing. Thirdly, the GRB must have sufficient afterglow 
data in the Rc band (in some cases, we create composite 
light curves by shifting other colors to the Rc zero point 
if sufficient overlap exists) to allow at least a confident 
extrapolation of the light curve to 0.5 rest frame days 
after the corresponding burst, where we determine the 
optical luminosity 12. 3p . This final criterion removes 
many GRBs that only have very early detections pub- 
lished, usually Swift UVOT observations. In total, we 
find 14 additional GRBs that fulfill these selection crite- 
ria. Clearly a selection bias against very faint afterglows 
still applies, but if one sets the sample selection threshold 
even lower (e.g., including also optically dark GRBs with 
no afterglow detection and no redshift), hardly any useful 
information can be gleaned. Furthermore, an analysis of 
all Swift afterglow upper limits in the optical/NIR bands 
is beyond the s cope of this paper. 

In Appendix IB. 41 we list the GRBs of the "Bronze 
Sample". We took data from the references given, con- 
structed the afterglow light curve, and shifted it to a 
common redshift oi z = 1 assuming, identical to the Type 
I GRB sample (Paper II), a spectral index in the opti- 
cal/NIR bands of /3 = 0.6 and a host galaxy extinction 
of Ay = (a single exception is GRB 060605, where an 
extrapolation of the X-ray slope finds that the optical 
slope must be identical, and also t hat the Rc band i s 
unaffected by Lyman a absorption. iFerrero et al.l 120091 ) . 
A value of /? = 0.6 was found to be the mean value for 
prc-Swift afterglows (see, e.g., K06), and we find a simi- 
lar value for the Swift-eia. Golden Sample 13. 2p . Most 
likely, in many cases, these afterglows suffer from host 
frame extinction as well, even if it is likely to be only a 
small amount (K06 found a mean extinction of = 0.2 
in their sample, see also i) l3.2p . so the derived luminosities 
are lower limits only. If the host extinction were known, 
and we would correct for it, the afterglows would always 
become more luminous. Therefore, the mean absolute 
magnitude of this sample is a lower limit only. 

2.3. Methods 

With knowledge of the redshift z, the extinction- 
corrected spectral slope /3 and the host galaxy rest frame 
extinction we can use the method described in K06 
to shift all afterglows to a common redshift of z ~ 1, 
corrected for extinction along t he lin e of sight. The dRc 
values of th e "Silver" (Appendix IB. 3p and "Bronze" (Ap- 
pendix |BT4|) samples are only estimations and lower lim- 
its, respectively. After shifting, we derive for all after- 
glows the apparent magnitude at one day after the GRB 
(0.5 days in the source frame). In addition, for those 
GRBs where the light curves extend far enough, we also 
derive the magnitude at four days. Furthermore, we de- 
rive the magnitude in all possible cases at 10"'^ days (43 
seconds in the source frame) to compare the luminosity 
distribution at very early times. Such an analysis was 



not possible in the pic-Swift era, as only a few GRBs 
were detected at such early times. 

Our unique sample of afterglow luminosities allows us 
to look for correlations between the prompt emission and 
the optical afterglow parameters (see also Paper II). To 
achieve a comparison with the energies of the GRBs, we 
compiled the fluences and Band function (or cutoff power 
law) parameters for all afterglows in K06 and in this pa- 
per (Table[2]). We denote the low-energy and high-energy 
power- law indices of the Band function with as and 
respectively, to prevent them from being confused with 
the afterglow decay slopes ai_2 and the optical/NIR spec- 
tral index /3. Using the given spectral parameters and 
the rcdshifts, we derive cosmological corrections for the 
rest-frame bolometric ban dpass from 0.1 to 10000 keV 
following the method of B loom et al.l ()2001h . Using the 
correction, the fluences and the luminosity distances, we 
then derive the bolometric isotropic energy i?iso,boi for all 
GRBs. Note that if no high energy index (3b is given, we 
used a cutoff power law instead of a Band function. In the 
cases of X-Ray flashes (XRFs, no as given), we assumed 
aB = — 1±0.3. As only a small part of the spectral range 
lies beneath the peak energy in these cases, the choice of 
the value does not strongly influence the correction. For 
GRB 000301C, the Band function parameters could not 
be determined from Konus-Wind da ta (V. Pal'shin, priv . 
comm.), and we used mean values (jPreece et al.ll2000l ). 
In rare cases (e.g., GRB 050408) the errors of the correc- 
tion were not constrained due to missing errors on the 
input data, and we assumed conservative errors. 

3. RESULTS AND DISCUSSION 

The energetics, including the bolometric isotropic en- 
ergies, for the complete sample (including the 19 GRBs 
from K06) can be found in Table [2] The results of our 
SED fits with a Milky Way (MW), Large Magellanic 
Cloud (LMC) and Smah Magehanic Cloud (SMC) ex- 
tinction curve (Pel ,199^ are given in Table [3] for the 
Golden Sample. For the Silver Sample, approximative 
results can b e fou nd in the individual GRB descriptions 
in Appendix IB. 31 Apparent and absolute magnitudes at 
1 and 4 days after the GRB can be found in Table [5l 
The magnitudes of a selected sample of GRBs with early 
observations and/or well-defined peaks in the afterglow 
evolution can be found in Table |6l 

3.1. Observed Light Curves of Swift-era GRB 
Afterglows 

In Fig. [T]wc show, analogous to Fig. 7 in K06, the ob- 
served light curves of afterglows of Swift-cra GRBs (af- 
ter correcting for Galactic extinction and also host galaxy 
contribution, if the latter is possible) , in comparison with 
the Golden Sample of K06. The most immediate result 
is that the rapid and precise localization capabilities of 
Swift, as well as the proliferation of rapid-slewing au- 
tonomous robotic telescopes, have strongly increased the 
number of afterglows that are detected at early times, 
typically starting within the first minutes after the GRB 
trigger. A strong spread in early magnitudes is also evi- 
dent. Only a few GRBs of the Swift era are observation- 
ally as bright as the brightest pie-Swift afterglows. At 
early times, the prompt optical flash of t he "naked-eye" 
GRB 080319B (.Racusin ct al.. .2008; .Bloom et al.l [200l 
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t (days after burst in the observer frame) 

Fig . 1. — The afterglows of Type II GRBs in the observer frame. All data have been corrected for Galactic extinction l lSchlegel et al.l 
119981) and, where possible, the contribution of the host galaxy has been subtracted. Thin gray lines are Type II GRBs from the pre-Swift 
era, taken from K06 (three further GRBs are presented in this paper but are added to the pvc-Swift sample). Thick red lines are the 
Swift-era. Golden Sample. The Silver Sample is blue, and the Bronze Sample is black. The large number of early afterglow detections 
is evident. Clearly, there are several afterglows that are significantly fainter than the pre-Swift sample. At late times, the non-breaking 
afterglow of GRB 060729 (Gruoe et al. 20 07al) is bright e r than any other except for GRB 030329 . At very early times, the prompt flash 
of the "naked-eye" GRB 080319B (jRacusin et al.l [20081 : IWozniak et al.l [20091 : IBeskin et at] 120091 ) reaches four magnitudes brighter than 
the previous record-holder, GRB 990123. GRB 061007 comes close to the magnitude of the optical flash of GRB 990123, making it the 
third-brightest afterglow ever detected. At late times, the afterglow of the nearby GRB 030329 still remains brighter than any other 
afterglow discovered since. 



IWozniak et~ani2009l : [Beskin et al.ll2009t) lies several mag- 
nitudes above all other afterglows. Otherwise, only the 
afterglow of GRB 061007 is comparablc^^ to the opti- 

11 We note that GRB 060117, the burst with the second highest 
peak photon flux in the complete Swift sample (after GRB 090424, 



cal flash of GRB 990123 ijAkerlof et al.|[l999l ). Several 

which is included in o ur sample) , had an early afterglow light curve 
Ijjeh'nek et al.|[2006bl ') which is almost identical in magnitude and 
evolution to the afterglow of GRB 061007. It was very close to the 
Sun at trigger time and could not be observed spectroscopically, 
therefore, it is not included in our sample. 
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misa Type II GRB Afterglows (Silver Sample, this work) 
P^s^ Type II GRB Afterglows (Golden Sample, this work) 
VTVi Type II GRB Afterglows (pre-Sw/ft, K06, this work) 
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Host galaxy extinction A^{mag) 

Fig. 2. — Distribution of the derived host galaxy visual extinction 
Ay in the source frame for the bursts of the Golden Sample of K06 
(plus three additional ones presented in this paper) and the values 
derived in this work (Golden Sample, Table [3] and Silver Sample, 
Appendix lB.3l l. updating Fig. 2 in K06. In contrast to the sample 
presented in K06, we find two bursts with Ay > 0.8, GRB 070802 
with Ay = 1.18 ± 0.19 and GRB 060210 with Ay = 1.18 ± 0.10, 
the latter case being unsure, though. Most bursts have Ay < 0.2, 
just as in the prc-Swift sample. 



further early afterglows reach magnitude w 12. At later 
times, beyond 0.1 days, the afterglows of GRB 050603, 
GRB 090926A, GRB 070125 and, at very late times, 
GRB 060729, are among the brightest observed, the lat- 
ter due to a long plateau p hase and a slow, unbrcaking 
decline (jGrupe et al.ll2007al ). At early times, the faintest 
aftergl ows are GRB 0711 22 (which has a long plateau 
phase. ICmko et al.l[2009bl ). GRB 080129 (which was un- 
detected down to 23rd magnitud e in the beginning be - 
fore rising to a huge optical flare, iGreiner et al.ll200"9al ). 
GRB 080913 (at very high redshift , assum ing a fully 
transparent universe, IGreiner et al.l l2009b[ ) and GRB 
070802 (which ex hibited a late rise and a highly extin- 
guish ed afterglow, iKriihler et al.l [20081 lEhasdottir et al.l 
|2009( ). After 0.1 days, several further afterglows (GRB 
050401, XRF 050416A, GRB 060927, GRB 070419A, 
GRB 050502A) are considerably fainter than the faintest 
afterglow in the pre- Swift sample, GRB 040924 (K06). 
This confirms the early reports about the faintness of 
the afterglows of Swift GRBs (jBerger et al.l l2005al lbl: 
iZheng et al.ll2009af ). 

3.2. Results from SED Fitting - Low Host Extinctions 
at High Redshifts 

SMC dust is preferred for most GRBs in our Golden 
Sample, which strengthens the results of K06. Clear 
exceptions are GRB 060124 (which features a small 
2175 A bump, Kann et al. , in preparation) and G RB 
070802 (IKriihler et al.|[2008t lEhasddttir eTal][2009l see 
Appendix IB. 2 1 for details), and several other GRBs are 
better fit, though not with high statis tical significance, 
with LMC or MW dust (see Appendix IB.2I for more de- 
tails on each event). In several cases, especially for MW 
dust, the fitting process finds unphysical "negative ex- 
tinction" which we interpret as strong evidence that the 
corresponding dust extinction curve is ruled out. We find 
a total of 17 GRBs for which the preference for SMC 




4 5 6 

Redshift z 

Fig. 3. — Derived host galaxy visual extinction Ay in the source 
frame for the Golden Sample of K06 bursts (grey circles, plus three 
additional pro-Swift GRBs presented here) and the values derived 
for the GRBs in this work ( Golde n Sample, Table (3] red stars, 
and Silver Sample, Appendix IB. 31 blue diamonds) plotted as a 
function of the redshift z. A trend of lower extinctions toward 
higher redshifts is visible but only weakly supported (Kendall's 
T = —0.34, Spearman's p = —0.42). It is unclear if this is due 
to a selection effect (highly extinct bursts at high redshift are too 
faint to yield good data and are thus not included in our sample) 
or to the evolution of dust properties or quantities. Note that 
for most Silver Sample GRBs, the errors of the derived extinction 
are underestimated due to parameter fixing in the fitting process. 
Several exceptional GRBs arc indicated. 



dust is strong, whereas the preference for SMC dust is 
weak for a further 17 events (cf. K06, which discuss 
in more detail the dependence of dust model preference 
on redshift and dust amount). For a total of six after- 
glows, we find no evidence at all for dust and use the 
spectral slope without extinction correction (in further 
cases, the amount of dust is negligible within errors), 
most of these events (four out of six) lie at high red- 
shift, z > 4 (see below). We find a total of seven GRBs 
with Ay > 0.5 within la errors, two of these. GRB 
070802 with Ay = 1.18 ± 0.19 and GRB 060210 with 
= 1-18 ± 0.10 (see Appendix IB. 31 for caveats on this 
event, though), lie significantly above the highest value 
in K06, that of GRB 991208 {Ay = 0.80 ± 0.29). The 
further GRBs arc GRB 050408 {Ay = 0.74 ±0.15), XRF 
071010A (^v = 0.64 ± 0.09), and GRB 080210 (^v = 
0.71 ± 0.15, though the data arc sparse on this event) in 
the Golden Sample, and GRB 050401 (^v = 0.69 ±0.02) 
and GRB 070208 (^v = 0.74 ± 0.03) in the Silver Sam- 
ple, note here that the errors are underestimated due to 
the spectral slope in the fit not being a variable. Further- 
more, evidence for high extinction of an uncommon type 
is found for GRB 071 25, we use the value derived in the 
work of IPerlev et al.l ([20101 ). Otherwise, all afterglows 
show very low extinction (Fig. [2]). The mean extinction 
value for the 48 GRB afterglows of the Golden Sample 
is 1^ = 0.21 ± 0.03 (FWHM 0.24), identical to the pre- 
Swift sample value of 1^ = 0.20 ± 0.04 (K06, with the 
additional three GRBs presented here). Similarly, the 
mean value for the extinction-corrected spectral slope, 
^ = 0.66±0.04 (FWHM 0.25), is also in decent agreement 
within errors with the value from K06, /3 — 0.54 ± 0.05. 
The reason for the larger value in this sample (offset by 
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1.9cr, which is not yet statistically relevant) is not ob- 
vious, though. A possible explanation may be that a 
higher number of Swift GRB afterglows have SEDs which 
include NIR data, which, being less affected by extinc- 
tion, allow less flexibility and perhaps overestimation of 
the extinction. To test this conjecture, we create a sub- 
sample of the Golden Sample which contains only SEDs 
which fulfill the following criteria: 1.) They include NIR 
data {YJHK as weh as Spitzer data). 2.) The best fit 
included a dust model (i.e., no straight power-law fits). 
3.) There are at least four SED data points left after 
removing the NIR points to assure a free fit is possible. 
A total of 32 afterglow SEDs fulfill these criteria. For the 
original sample, we find ^5 = 0.69 ± 0.04 (FWHM 0.24), 
in full agreement with the complete Golden Sample (48 
SEDs). Removing all the NIR data and refitting, we find 
that more than half the fits are not physically reasonable 
any more (mostly due to /3 < 0), and it is /3 = 0.02 ±0.39 
(FWHM 2.19 due to some strong outliers). Generally, 
this indicates that our conjecture is correct, and points 
out the need for NIR data to achieve good SED results. 

For the Silver Sample, we find a strong preference for 
SMC dust in some cases (e.g., GRB 051109A and GRB 
051111), but even for SMC dust, these fits are still not 
good and formally rejected. Such strongly curved SEDs 
were also found for some pre- Swift GRB afterglows (e.g., 
GRB 971214, K06). A free fit to such an SED results 
in very high extinction and a negative spectral slope [3. 
We find a mean host extinction which is slightly higher 
than that of both our Golden Samples (^v = 0.32 ± 
0.08), but we caution that the derived extinctions depend 
upon fixed spectral index values derived from theoretical 
relations only. 

One big difference between the Swift-era sample and 
the sam ple of K06 is that there was only one burst (GRB 
000131. lA^dersen et al.l l2000[ ) in the yre-Swift sample 
which had z > 3 (as GRB 030323 [Vreeswiik etalll2004l | 
has only been included in the pre- Swift sample in this 
work), while in the present Golden Sample, 27% (13 
out of 48) of the GRBs lie at such high redshifts (an 
additional 36%, five out of 14, in the Silver Sample). 
Like GRB 000131, almost all these high-z GRBs show 
very small host extinction (Fig. |3]). This seems to con- 
firm the initial suspicion in K06 that host extinction de- 
clines with high er redshift. Exceptio ns are GRB 060210 
(see above, andlCenko et al.l l2009bD. GRB 071025 (see 
iPerlev et al]l2010( ). GRB 090313 with a moderate ex- 
tinction of Ay = 0.34 ± 0.15, and possibly GRB 060927, 
but the result here is unsure. Also, GRB 050401, at 
z sa 3, clear ly shows signs of mo derate line-of-sight red- 
dening (see IWatson et al.l I2006D . To check the signifi- 
cance of this possible result, we use two rank correlation 
tests, Kendall's t and Spearman's p, on the combined 
Golden Sample bursts of this work and K06. We find 
T = —0.34 and p = —0.42, both results indicate that 
while there is a (negative, as expected) correlation, it is 
only weakly significant at best. To estimate the influ- 
ence of the errors, we do the same tests on the maximum 
(^v + A^v) and minimum possible (^v — A^y) values. 

We find T = -0.14 0.39 and p = -0.25 0.52 

(with the minimum extinction yielding the lowest rank 
correlation coefficient, and vice versa). Furthermore, a 
Kolmogorov-Smirnov (KS) test on two samples (taken 



from the Golden Samples only), divided by z < 2 and 
z > 2, shows that they are likely to be taken from the 
same distribution (P = 0.039). While this low-extinction 
result might be expected from several evolutionary fac- 
tors, such as the metalli city evolution of the universe 
(|Lapi et al.ll2"00l 12001 and refere nces therei n), differ- 
ent d ust depletion patterns at high redshift fsee lSavagliol 
120061 for an overview) or the lack of dust-pro ducing AGB 
stars (|Fiore et al.|[2007HStratta et al.ll2007aD . we caution 
that several biases mig ht be involved (a s already dis- 
cussed in K06, see also iFiore et al.l l2007| ) and the evi- 
dence is thus not conclusive at all. A higher redshift 
implies what we see in the optical (and measure with a 
spectrograph) lies further and further into the rest frame 
ultraviolet, which is much more affected by dust (es- 
pecially if it is similar to SMC dust, which is usually 
found). Therefore, unless rapidly observed, highly ex- 
tinct high redshift afterglows are much more likely to 
not be observed successfully spectroscopically, thus ex- 
cluding them from our sample. 

3.3. Rest-frame Light Curves of Swift-era GRB 
Afterglows 

3.3.1. On the Rest-Frame Clustering and 
Redshift- Dependent Bimodality of the Afterglow 
Distribution in the Swift-iSra 

It was independently found by three groups (K06; 
iLiang fc Zhmj 120061 : iNardini et al.l 120061 ) studying pre- 
Swift afterglows that the magnitude distribution be- 
comes tighter (clusters) compared to the observed dis- 
tribution if the afterglows are corrected for host-frame 
extinction and transformed to a common redshift (z = 1 
was used) . Closer study revealed that this clustering was 
best described by two populations (a bimodality) which 
were separated in redshift. Nearby afterglows were, in 
the mean, less luminous than more distant ones (K06). 

In Fig. Uwe show (analogous to figure 8 in K06) the 
light curves of all optical afterglows shifted to z = 1 (for 
the method, see K06, their Appendix A). The additional 
76 afterglows of the Swift-era, samples seem to confirm 
the clustering of intrinsic afterglow luminosities. Only 
three afterglows, those of XRF 050416A, XRF 060512 
and GRB 070419A, are fainter than the one of GRB 
040924 at one day, but the difference is only large for 
XRF 050416A, w 1.3 magnitudes. Also, note that XRF 
060512 is from the Bronze Sample and thus the lumi- 
nosity is probably higher, and the low redshift, derived 
from a galaxy spatially coincident with the optical after- 
glow, is in dispute, the GRB may be a background event 
(jOates et al.l 120091) . Furthermore, also only three after- 
glows exceed the previously brightest one, GRB 021004, 
these being GRB 090313, GRB 090926A and especially 
GRB 080129, which is 0.7 magnitudes brighter. We point 
out that this was an extremely peculiar afterglow which 
exhib ited a long plateau p hase and multiple rebrighten- 
ings ([Greiner et al.ll2009aD. and something s imilar was 
seen for GRB 090926A (jCenko et al.l l2010bl : iRau et al.l 
120101 ). In K06, a bimodality in the afterglow luminosi- 
ties was found after dividing the samples into two red- 
shift bins, with z = 1.4 as a dividing line. The new 
afterglows further bolster this finding, with the faintest 
afterglows at early times (GRB 060729, GRB 060904B, 
GRB 071122) and at later times (XRF 050416A, XRF 
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t (days after burst in the observer frame assuming z = 1) 

Fig. 4. — The afterglows of Type II GRBs in the observer frame after transforming them to a common redshift of z = 1. The labeling is 
identical to Fig. [T] Note that the Bronze Sample afterglows are lower limits only, as no dust extinction correction could be applied. The 
vertical lines denote 10^'', 1 and 4 days, times at which the l uminosities we r e dete rmined. All additional Swift-cra afterglows fit into the 
tight clustering reported by K06. iLiang fc Zhand l|2006l 'l and INardini et at] lj200g ) . The width of the distribution expands slightly, with 
XRF 050416A, XRF 060512 and GRB 070419A being fainter than the faintest afterglow of the pre-Swift era, GRB 040924. Note that 
XRF 060512 is in the Bronze Sample, its luminosity may be underestimated. At very early times, a large spread is visible, as well as 
several cases of strong variability beyond a simple decay. The brightest bursts at early times are (as in the observer frame) GRBs 080319B, 
050904, 061007 and 060210 (the latter an unsure case, the extinction may be overestimated), and several more GRBs (060927, 080413A, 
080810, 080721 and 081203A) exceed ten th ma gnitude. The dot-dashed, slanted line (a 1) indicates what may be an upper ceiling for 
the afterglow luminosity at later times fii l3.3.3|l . Similar to the afterglow of GRB 030329 (K06), the afterglow of GRB 060729 is now seen 
to be of average luminosity at one day, and quite subluminous at early times. Exceptional afterglows, both at the bright and at the faint 
ends of the distribution, are indicated. 



060512, GRB 070419A) all lying at z < 1. A quantita- 
tive analysis leads us to be eautious about this result, 
though. While we find that the total spread of pre- Swift 
afterglows is indeed reduced (7 to 5.7 magnitudes for 



those detected at one day) , the FWHM of the two sam- 
ples is identical, though (1.51 vs. 1.54 mags). For the 
Swift era sample, we even find that both the spread (6.9 
vs. 7.8 mags) as well as the FWHM (1.48 vs. 1.63 mags) 
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Absolute magnitude at 1 day (assuming z=1) after tlie GRB 

Fig. 5. — The absolute magnitudes of Type II GRB afterglows 
at one day after the burst assuming z = 1. The Swift-cra Type 
II GRB afterglows in the Golden Sample analyzed in this paper 
(mean magnitude = -23.02 ± 0.27, FWHM 1.82 mags) are 
very similar to those of the K06 (plus three additional GRBs pre- 
sented in this work) sample (mean magnitude Mb = — 23.44±0.36, 
FWHM 1.59 mags). The Silver Sample afterglows are identi- 
cal in luminosity with the pre-Swift sample (mean magnitude 
Mi" = -23.69 ± 0.32, FWHM 1.11 mags). The Bronze Sample af- 
terglows represent the least luminous afterglows (mean magnitude 
Mi" = -22.53 ± 0.34, FWHM 1.25 mags), and the assumption of 
a small amount of rest frame extinction makes them as bright as 
the Golden Sample afterglows. 



actually increases. Only for a complete sample of all af- 
terglows, the range is still reduced (8.9 vs. 7.8 mags) 
while the FWHM is similar (1.56 vs. 1.61 mags). The 
effect of the reduced spread is mostly due to a single af- 
terglow, that of the very nearby GRB 030329, whereas 
the increase in spread in the Swift-era data is due to the 
very faint afterglow of XRF 050416A. 

While Swift has clearly allowed us to detect afterglows 
that are observationally fainter (we find Rc = 20.08 ± 
0.36 for the pre-Swift GRBs, and = 21.30 ± 0.18 
for the Swift-era. GRBs), are these afterglows also less 
luminous? In Fig. [5] we show the distribution of after- 
glow magnitudes measured in the host frame at one day 
after the GRB assuming a common redshift of z = 1 
(Table O- Evidence for the bimodality is not d irectly 
evident. Indeed, several recent works ([|vl clandri et al.l 
[200l iCenko et al.ll2009bt lOates et al.|[2009l) . working on 
small, homogeneous samples derived from single instru- 
ments, do not report finding a bimodality. As a whole, 
the clearer bimodality of the pre-Swift sample has dis- 
appeared (i f one does not do the redshift separation), 
though see iNardini et al.l ()2008b[ ). Indeed, while the 
magnitude distribution is not fit very well with a uni- 
modal distribution (both Gaussian or Lorentzian distri- 
butions yield x^/d.o.f. > 2 for both the Swift-era data 
set as well as the complete data set [see below]), we were 
also unable to find a bimodal distribution which signifi- 
cantly improved the fit. We thus, working on a larger 
sample, find agreement with aboye-meiit i oned works 
(iMeiandri et al.l l2008t ICenko et all l2009bl: lOates et al.l 
20091) ■ in contrast t o the clear bimodality seen by 
Nardini et all (|2008b[ ). 

It is also evident that our four samples are not sig- 



nificantly different from each other. K06 found a mean 
absolute magnitude of Mb = — 23.3±0.4 for their Golden 
Sample, to which we now add three further GRBs (for a 
total of 19, as three events do not have data at one day), 
and find M^ = -23.44 ± 0.36 (FWHM 1.59 mags). This 
value is almost identical to our new Golden Sample (a to- 
tal of 46 GRBs, two not having data at one day), where 
we find Ivfe = -23.02 ± 0.27 (FWHM 1.82 mags). A 
KS test shows that both data sets are consistent with 
being drawn from the same distribution {P ~ 0.78). 
The Silver Sample (14 GRBs, two do not have data 
at one day) is slightly more luminous on average, with 
M^ = -23.69 ± 0.32 (FWHM 1.11 mags), whereas the 
Bronze Sample (14 GRBs) is slightly less luminous on 
average, with = -22.53 ± 0.33 (FWHM 1.25 mags), 
respectively. The difference is not statistically signifi- 
cant, though, a KS test shows that they are taken from 
the same distribution as the Swift-era Golden Sample 
{P = 0.15 and P = 0.43 for the Silver and Bronze Sam- 
ples, respectively). Furthermore, as no extinction correc- 
tion has been applied to the Bronze Sample, its mean ab- 
solute magnitude is a lower limit only I2.2.4p . Assum- 
ing Ay = 0.3 for all afterglows of this sample, a value just 
slightly above the mean extinction of the Golden Samples 
(§ [S21), we find a mean magnitude M^ = -23.45 ± 0.38 
(FWHM 1.42 mag), identical with to the Golden Samples 
of both papers. Therefore, a small amount of host ex- 
tinction is sufficient to explain the slightly fainter mean 
m agnitude. Thi s is als o confirmed by the recent analysis 
of lSchadv et al.l ()2010[) , who derive Ay values for eight of 
our Bronze Sample GRB afterglows, and find Ay w 0.3 
or even (significantly) higher for seven of these GRBs, 
GRB 060729 being the only exception (Appendix EH- 

As the Golden Samples of K06 and thi s work can be 
readi ly compared (jZheng et al.ll2009al and lGehrels et al.l 
120081 also find that the distribution of optical-to-X-ray 
spectral indices, Pox, is identical in pre-Swift and Swift 
GRB afterglows) we create one total Golden Sample 
and split it along the z = 1.4 division used by K06. 
Here, we find clear evidence for bimodality, it is Mb = 
-21.89±0.32 (FWHM 1.52 mags) for the low-z (22 GRB 
afterglows) and M^ = -23.78±0.23 (FWHM 1.51 mags) 
for the high-z (43 GRB afterglows) sample. The dif- 
ference is statistically significant, a KS-test shows that 
they are probably not taken from the same distribution 
(P = 2.9 X 10""*). Using the Swift-era sample only, and 
dividing it along the z = 1.4 line, we find P = 8.4 x 10^^, 
further strengthening the result. Non-parametric rank 
correlation tests find further, albeit relatively weak, evi- 
dence for the magnitude increase toward higher redshifts; 
it is Kendall's r = —0.41 and Spearman's p = —0.53 for 
the Swift-era-only sample, and Kendall's r = —0.31 and 
Spearman's p = —0.51 for the complete sample, these 
very similar values also show that mixing the two sam- 
ples is not problematic. 

While Swift has increased the recovery rate of after- 
glows, and also the percentage of afterglows with success- 
ful spectroscopy in follow-up observations. Swift GRBs 
that actually did meet our selection criteria, especially 
those of the Golden Sample, are quite rare events. These 
bursts usually not only have a lot of optical follow-up, 
but are also interesting in such a manner that publica- 
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tions with data on these bursts are preferred over the 
many others Swift has dehvered. For example, GRB 
050904 held the record for highest redshift ever discov- 
ered for a burst for several years, the afterglow of GRB 
060206 showed a very powerful rebrightening, that of 
GRB 060526 showed a complex optical light curve, and 
GRB 061007, GRB 070125 and especially GRB 080319B 
were exceptionally bright, both in gamma-rays and in 
the optical. GRB 050408, one of the observationally 
faintest afterglows in our new Golden Sample, was very 
well observable from both hemispheres, leading to a lot 
of observations. In other words, our Golden Sample 
contains mostly GRBs that are not typical of the faint 
Swift era bursts, but more typical of the Beppo-SAX era. 
While the selection criteria of the Silver and especially 
the Bronze Sample are less stringent, the amount of de- 
rived information is also reduced. 

Still, it seems clear that for the GRBs in our combined 
Swift sample (i.e.. Golden, Silver and Bronze), the larger 
amount of faint afterglows is an effect based mostly on 
the in c reased mean ensem ble redshift ([Jakobsson et al.l 
I2006at iBagolv et all 120061 ). This is mainly a result of 
Swift bat's low-energy sensitivity and novel trigger- 
ing methods, such as image triggers, which find GRBs 
whose ligh t curves are strongly stretched due to red- 
shift (e.g.. iCampana et al.l 1 20071: iSalvaterra et al.l 120071 
I2008t lUkwatta et al.ll2009D . Another factor is the rapid 
localization capability of Swift combined with rapid 
ground-based follow-up, which is crucial for long-slit 
spectroscopy of faint high-z targets. But the need for 
a spectroscopic redshift and decent light curve cover- 
age is, of course, stil l a strong restric tion for inclusion 
into our sample (see iFiore et all 120071 for a discussion 
on these selection effects). There are afterglows which 
are clearly strong ly extinguished b y host extinction, such 
as GRB 051022 (iNakagawa et al .'2006: Rol et al.l [20071: 
Castro-Tirado et all 120071 ) GRB 060923A (iTanvir et al.l 
2008aD, GRB 070306 (I Jaunsen et all 120081) . GRB 
061222A, GRB 070521 IPctIcv et al.l \200M) . GRB 
080607 (IProchaska et all |2009[) and GRB 090417B 



(|Holland et al.l I2010I) . In such cases, we are unable 
to derive the afterglow luminosity (which was probably 
very high in the case of GRB 051022, since it was an 
highly energetic burst with a very bright X-ray afterglow; 
iCastro-Tirado et al.ll2007l ). More highly extinguished or 
intrinsically faint afterglows very probably can be found 
among those Swift afterglows that did not match our se- 
lection criteria, even for the Bronze Sample. Therefore, 
the question if "dark" GRBs are usually optically un- 
detected due to strong host extinction or intrinsic faint- 
ness remains unsolved as yet, though several recent works 
find evidence for dust attenuation being the main fac- 
tor fGehrels ct al."2008': 'z Fcng et al.ll2009al:ICenko eTal] 
[2009bi: iPcrlev ct al.,.2009dV It therefore remains possi- 
ble that a population of afterglows would remain that 
are significantly less luminous than all in our complete 
sample. In this case, the cluste ring of afterglow lumi - 
nosi ties itself, as inferred by K06. lLiang fc Zhan^ (|2006[ ) 
and lNardini et ahl (j2006D (evidence for which has already 
been reduced with our larger sample) may be an observa- 
tional bias, both due to optical sampling criter ia (good 
multicolor hght curves and redshift, see, e.g., iCowardI 
120091 for how spectroscopic response tim e can induce 
further bias to the redshift distribution, and lFvnbo et al.l 



120091 for other selection effects involving redshift deter- 
mination) and gamma-ray detection criteria, similar to 
what has been pr oposed for the e xistence of high-energy 
corre l ations (e.g..lNakar fc Piran 2005b; Band fc Preecd 
120051: IButler et al.ll2007[) . On the other hand, a recent 
study of Tpie- Swift "dark" GRBs has shown that the bi- 
modal c lustering persists even after the inclusion of these 
events (|Nardini et al.ll2"008al) . but we caution that this 
sample is built upon satellites that were less capable of 
detecting subluminous GRBs than Swift. On the whole, a 
combination of factors makes the Swift afterglow sample 
less biased than that of the pre- Swift era, and thus more 
representative of the (unknown) true luminosity distri- 
bution. That we find only weak evidence for clustering 
with our less biased sample may indicate that an un- 
known observational bias has played a role in the pre- 
Swift data. Recent research indicates that a luminos- 
ity ev olution in the prompt e mission of GRBs does exist 
(e.g., ISalvaterra et al.l [200931 ). and as we find (§ I3.3.5P 
that bursts with high isotropic energy release are usually 
also associated with brighter afterglows, this connection, 
while still involving many insecurities, implies that a true 
luminosit y evolution in the afterglows is also plausible. 
Recently, llmerito ~ al. (2009D have also reported that 
the result of lCoward (20091 ) implies a true evolution in 
the luminosity function, with afterglows at higher red- 
shifts being more luminous, though their result docs not 
allow a physical interpretation to be derived, nor the true 
shape of the luminosity function to be discerned. 

3.3.2. Does the tiigfi number 0/ Mg 11 foreground absorbers 
depend on afterglow flux? 

iProchter et al.l (|2006[ ). studying medium- and high- 
resolution spectra of bright GRB afterglows, found a 
high number of strong (W,.(2796) > lA) interven- 
ing Mg II absorption systems, 4 ± 2 times more than 
along the lines of sight to quasars studied in the 
SDSS. Such a discr epancy was not found in interven- 
ing C IV systems (jSudilovskv et al.l 120071: iTeios et all 
I2007f ). an d multiple explanati ons have been proposed 
(see, e.g., IPorciani et al.l [20071 for an over view). Dif- 
fering beam sizes of quasars and GRBs (|Frank et al.l 
l2007f ) as an explanation can not account for the case of 
GRB 0803 19B, where high-S/N mufti-epoc h data show 
no temporal variations over several hours (D'Elia et al.| 
20101 see alsolPontzen e raIll2007H Vergani et al . 2009)^2 



Sudilovskv et al.l (I2009D simulate the effect of dust in the 



foreground absorbers on quasar detection efficiency and 
rule out a stron g cont ribution from this factor (see also 
ICucchiara efal] l2009t) . ICucchiara et"all (|2009l ) compare 
properties of foreground Mg 11 systems along quasar and 
GRB sightlines and find no significant differences, con- 
cluding that the GRB systems are probably not asso- 
ciated with material ejected ne ar the GRB a t rela tivis- 
tic velocities ( intrin sic origin). ITeios et ahl (|2009[ ) and 
IVergani et al.l (j2009D also study the incidence of weak 
Mg II systems, and both come to the conclusion that the 
incidence of weak systems is similar along quasar and 

IHao et aLl 1120071 ) claimed variable equivalent widths of fore- 
ground absorber Mg II lines seen in multi-epoch s pectra of the 
GRB 6020 6 afterglow, but th is was later refuted by ri'hone et al.l 
Il2008d) and lAoki et~all ||2009| ) using high-S/N Subaru and WHT 
data. 
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GRB afterglow sightlines, implying that the best expla- 
nation is that the GRB afterglows of the echelle sam- 
ple have been ampl ified by gravitational lensing (s ee also 
IWvithe et aIll2010L but see lCucchiara et al.|[2009h . Both 
studies also find that the excess is smaller than ori ginally 
deduc ed from the original small sample bvProcl itcr et alJ 
()2006[) , but the significance that the excess is real has in- 
creased with increasing sample size and re dshift path. 

All GRBs in the UVES sample of iVergani et all 
are included in our Golden Sample (with GRB 
021004 being part of the pre-Swift Golden Sample, 
and GRB 060607A not having any data at 0.5 rest- 
frame days, so we will not include it in this dis- 
cussion), and two further GRBs w ith echelle s pectra 
(Keck HIRES) from the sample of iTeios et all (|2OO90 
are also part of our Silver Sample. Furthermore, a 
GRB with publis hed UVES sp e ctrosc opy not included 
in the sample of IVergani eFaLl (pOOl is XRF 080330, 
which also shows a very s trong Mg ii foreground ab- 
sorber (jP'Elia et al.l l2009bf ) , and another strong fore- 
ground system is seen in the afterglow of GRB 090313, a s 
measured by X-Shooter (|de Ugarte Postigo et al.ll2010[ ). 
That all of these GRBs are in our samples is not sur- 
prising, only very bright afterglows can be successfully 
observed with echelle spectrographs, and will therefore 
very likely also have extensive photometric follow-up 
(and a redshift, of course), allowing inclusion in our 
sample (thoug h this situation is now chang ing with 
X-Shootcr, see Ide Ugarte Postigo et aH l2010f ). While 
the telescopes capable of deriving echelle spectra of 
GRBs (VLT/UVES-hX-Shooter, Magellan/MIKE, and 
Keck/HIRES) are all concentrated in one hemisphere 
(Chile and Hawaii), and thus some GRBs with bright af- 
terglows are missed because they have become too faint 
once they are observable (GRB 061007 being a good ex- 
ample), the isotropic distribution of GRBs should ensure 
that the echelle sample is mostly unbiased. 

We first create two samples. The first one, the 
"UVE S" sample, con t ains th e nine GRBs from the sam- 
ple of IVergani et al.l ()2009l ) (excluding, as mentioned, 
GRB 60607A), furtherm ore GRB 051111 and GRB 
080810 (|Teios et al.l [2001 while these are from the Sil- 
ver Sample, the extinction correction is small in both 
cases, so the i nsecurity in the luni inosity is not large) 
XRF 080330 (ID'Elia et all I2009bn and GRB 090313 
(|de Ugarte Postigo et al.ll2010[ ). The "non-echelle" sam- 
ple contains all other GRBs from the Golden Samples, 
for a total of 54 GRBs. Note that this sample still 
includes several GRBs with e chelle observation s. But 
in the ca ses of GRB 020813 (iFiore et al.l l2005D. GRB 
050502A (Prochaska ct al.' l2005bO and especially GRB 
071003 ([Pcrlcv ct al. 2008d), the resuhing spectra had 
very low S/N. GRB 081008 was also observed by UVES 
(jP'Avanzo fc Covino..2008i ) , but no information has been 
published on whether a foregr ound system exists o r not. 
In the case of GRB 030329 (jThone et al.l l2007b[) . the 
GRB is so close that there are no intervening absorbers, 
and gravitational lensing is very unlikely. We find the 
mean absolute B magnitude of the UVES sample to 
be Mb = —23.72 ± 0.41, while the other sample has 
= -23.05 ± 0.25, implying the the UVES sample 
is brighter only at the lAa level, which is not statisti- 
cally relevant (P 0.28). On the other hand, the UVES 



sample can be brighter by, at the 2a level, up to 1.63 
mags, which is a factor of 4.5 x, which lies ab o ve th e 
amplification of 1.7x inferred bv iPorciani et all ()2007D . 
therefore we are not able to rule at such a rather subtle 
amplification with any significance either. 

A second point is that the sample selection as we are 
using it now just gives us information about the af- 
terglows which were, or were not, observed with high- 
resolution spectrographs, which can be due to nothing 
but luck (declination and explosion time). A more pre- 
cise analysis needs to compare afterglows with strong 
foreground absorbing system with those that definitely 
do not have any. We therefore create two subsam- 
ples of the UVES sample. The "strong sample" con- 
tains GRBs 021004, 050820A, 051111, 060418, 080319B, 
080330 and 090313, while the "weak sample" contains 
GRBs 050730", 050_922C, 071031, 080310, 080413A and 
0808101"*. We find Mb ^ -23.65 ± 0.66 for the strong 
sample, and Mb = —23.80 ± 0.49 for the weak sam- 
ple, implying they arc identical {P = 0.95), with the 
weak sample actually being marginally brighter (we cau- 
tion that we are in the realm of low-number statistics 
here). We conclude that if the Mg ii statistics are in- 
fluenced by lensing, the effect is not statistically rele- 
vant, on the other hand, we can also not rule out a 
small amplification factor with any significance either. 
Clearly, the sample of high-S/N, high- res afterglow spec- 
tra must be increased before further conclusions can be 
draw n, X-Shooter will make an im portant contribution 
here ijde Ugarte Postigo et alll2010f l. 

We also note that on the issue of dust reddening by 
foreground systems, we find no evidence for large absorp- 
tion in any of the GRBs in the UVES sample, with the 
highest values being found for GRB 060418 {Ay = 0.20± 
0.08), where one fore ground absorbing sy s tem may con- 
tribu te significantly (jEUison et al.l 120061 : IVergani et al.l 
l2009h . and GRB 090313 (^v = 0.34 ± 0.15). We cau- 
tion that the latter value is based on GCN data only so 
far, but there i s corroborating evidence for d ust found in 
the spectrum (|de Ugarte Postigo et ani2010f) . 

3.3.3. Does an Upper Limit on the Forward Shock 
Luminosity Exist? 

Compared to K06, the luminosity range of our after- 
glow sample has slightly expanded, both to lower and 
higher luminosities, but this must be seen in the con- 
text of a much larger sample. In the K06 sample, the 
afterglow of GRB 021004 dominated the luminosity dis- 
tribution over a long period of time. In the present 
sample, several more GRBs are added which parallel 
the evolution of the afterglow of GRB 021004. The 
large early luminosity of the afterg l ow of G RB 050904 
has been discussed in iKann et al.l l)2007af ). Its light 
curve evolution is clearly anomalous, featuring an early 

ri'eios et al.l II2009I ) find one "Very Strong" foreground ab- 
sorber for th i s eve nt from Magellan MIKE spectroscopy, but 
IVergani etld] l l200g|) give an upper limit for this system below the 
Wr(2796) > 1 A cutoff after correcting for sky contamination using 
UVES data. 

There is tentative evidence for a very weak (14^^(2796) < 
0.07 A) Mg II foreground system in the s pectrum whi c h was too 
weak to even be included in the sample of lTeios et al.l II2009I ) (N. 
Tejos, priv. comm.). Of course, this docs not influence the fact 
that GRB 080810 belongs to the weak sample. 
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rise, a plateau an d a superposed sha r p peak. Mul- 
tiple papers (e.g., iRacusin et alj 120081: iWozniak et alj 
2009t iBesk in et al.' '20091: IK umar fc Panaitescul 120081: 
Kumar fc N aravan 200!|)discuss the extreme prompt op- 



tical flash of GRB 080319B. Finally, the derived very 
high e xtinc tion for GRB 060210 is unsure (see Ap- 
pendix IB.3I for more details), implying that the after- 
glow, which seems to show a standard (not rapid, like 
GRB 050904 and GRB 080319B) decay after a short 
plateau and peak, may be much less luminous. Excluding 
these special events, the early afterg low of GRB 061007 
(|Mundell et al.ll2007bl : iSchadv et ani2007b( ) is the most 
luminous in the sample, although it decays rapidly^^. 
Between 0.01 and 0.5 days, the afterglow of GRB 090313 
is the most luminous, though we caution that so far, we 
have only an extensive GCN data set. It is then exceeded 
by the last strong rebrightcning of GRB 080129, which 
is then followed after about 1.5 days by the afterglow of 
GRB 090926A, which shows a very similar evolution to 
that of GRB 021004. 

In Fig. Ulwe plot as a boundary a power-law decay and 
attach it to the brightest afterglow detections at times 
from hours to days (we find awl). At early times, this 
slope is exceeded, and at least for GRB 990123, GRB 
050904 and GRB 080319B, additional emission compo- 
nents dominate ove r the forward shock aft e rglow (e.g., 
Akcrlof ct al.l 1999": 'Nakar & Piran' '2005a': 'Boer ct alJ 
2006: Wei et al. 2006: Zou ct_ al. 2006; Bcskin ct al. 2009- 
Kumar fc Panaitescul 120081: iKumar fc Naravanl 120091 ). 



This may also be the case for GRB 061007, although 
this burst's afterglow showed a remarkable, unbroken 
broadband (from gamma-rays to optical) power-law de- 
cay from very early times onward (IMimdeh et al.ll2007bl : 
ISchadv et ani2007b[ ). Beyond « 2 days, the light curves 
usually become steeper due to jet breaks. This upper 
boundary may imply that there exists an upper limit 
for the luminosity of forward-s hock generated afterglow 
emission in the optical bands. iJohanesson et all ()2007l ) 
have studied a large sample of synthetic afterglows cre- 
ated by using the standard fireball model and find that 
the luminosity function of afterglows (in wavebands from 
the X-rays to the radio) can be described by a lognormal 
distribution with an exponential cutofi^ at high luminosi- 
ties, which may be considered a theoretical prediction 
of our result, although they do not explicitly state that. 
Determining the actual luminosity distribution from the 
data is clearly non-trivial, especially trying to discern 
between, e.g., a regular power- law distribution and one 
that needs an exponential cutoff at high luminosities (as 
a power-law distribution itself will trend toward zero, just 
not as sharply as the exponential cutoff). Furthermore, 
determining the slope of the power-law is complicated by 
selection effec ts such as Eddin gton bias at low luminosi- 
ties (see, e.g.. lTeerikorpill2004l for a discussion in terms of 
galaxy counts), as well as all the selection effects we have 
pointed out concerning our optically selected sample. 

In the standard after glow theory (see, e.g., 
iPanaitescu fc Kumaii 120001 for the equations), the 
optical flux generally depends on the isotropic kinetic 
energy i?k,iso, the ambient density (n for an ISM or A* 

At one day, it has become so faint that it falls into the faint 
bin of the bimodal distribution, which could be "expected" from 
its redshift z = 1.261 < 1.4. 



for a wind), and the shock microphysics parameters 
p (electron spectral index), Se (fraction of energy in 
electrons) and Eb (fraction of energy in magnetic fields). 
This upper limit therefore is relevant to a combination 
of these parameters and cannot be used to pose a limit 
for each individual parameter. On the other hand, 
if one makes the assumption that the microphysics 
parameters do not vary significantly among bursts, this 
upper limit may suggest that bursts do not have an 
exceptionally large i?k,iso and the fireball is usually not 
expanding into an ambie nt medium of very high density. 
IJohanesson et all (|2007| ) also find that variation of the 
initial energy release is one of the main drivers of the 
luminosity distribution (the others are the microphysical 
parameters, but we argue that they should not vary 
overly much from burst to burst). It may be possible 
that a very high circumburst density, as one would 
find within a molecular cloud, is connected to very 
large gas and dust column densities, and thus to a large 
line-of-sight extinction, which prevents us from detecting 
the afterg low or at least adding i t to our sample. We 
note that IJohanesson et all ()2007l ) find that a range of 
circumburst densities has little influence on the afterglow 
luminosity, but they only vary the density between 0.1 
and 10 cm~'^. We also note that several of the GRBs 
that populate the region of the upper limit only reach it 
due to additional injecti ons of energy in to the externa l 
shock, e.g. GR B 021004 ddTUg artc Posti go et al.ll200l 



GRB 060206 fWoznia k et alT 12 006: Monfardini et al 



2006), GRB 070125 (.Updike et al.,.20q8b.:lChandra et ah 
200l . G RB 080129 ( Greiner et al.ll2009aD an d GRB 



0909'26A (ICenko et all I2010bl : IRau et al.l I2010D . For 
GRB 050603 and especially GRB 991208 (cf. K06), the 
lack of early afterglow data makes the situation less 
clear. The afterglow of GRB 050820A has a relatively 
slow decay and a very late break. Therefore, several 
factors may account for the potential existence of this 
upper luminosity limit, and the afterglow sample will 
have to increase strongly to reach further conclusions, 
as these bright events are very rare. 

3.3.4. The Luminosity Distribution at Early Times - 
Diversity and Clustering 

As mentioned before, many of the Swift-era, GRBs in 
our sample have afterglows that have been detected at 
very early times, when they were for the most part still 
bright. This allows us to derive the luminosity distri- 
bution at early times, an exercise that was not possible 
in the pic-Swift era. Wc choose 10~^ days (86.4 sec- 
onds) at z = 1. which is equivalent to only 43.2 seconds 
after the GRB trigger in the source frame (in several 
cases, GRB prompt high-energy emission is still ongo- 
ing at this time). The sample comprises 48 afterglows, 
with GRB 990123 as the only burst from the pie- Swift 
era^^. The distribution is presented in Fig. (6] It is, on 
the one hand, very broad, which was already apparent 
from Fig. |4| The total width is 11.5 magnitudes, al- 
most twice as wide as the luminosity distribution at one 
day. On the other hand, 50% of all afterglows (24 out of 

There is only one other prc-Swift afterglow that is detected 
at such early times, GRB 021211. It is not included here as it did 
not yield a usable SED (K06). The flat, blue SED and the redshift 
close to z = 1 imply a minimal dijc— shift, though, and it would 
be Rc 14 at 43 seconds in the rest frame. 
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Magnitude at 86 s (assuming z = 1) after the GRB 

Fig. 6. — The distribution of optical transient magnitudes at 86 
seconds (10"'^ days) after the GRB trigger in the observer frame, 
after shifting all afterglows to z = 1. While the complete spread is 
very wide (12 magnitudes), there is a strong clustering around 13*'' 
magnitude. We interpret these GRB afterglows as those where the 
forward shock emission dominates already at early times. In some 
cases, an additional component dominates strongly, making the af- 
terglow even brighter, while many other afterglows suffer from early 
suppression. The complete distribution is trimodal and well-fit by 
three overlapping Gaussians. The brightest and faintest afterglows 
are indicated. 

48) cluster within only three magnitudes (a si milar tight 
clustering has been found bv lOates et al.ll2009l at 100 sec- 
onds after the GRB onset in the rest-frame) . Eight after- 
glows (GRBs 080319B, 050904, 061007, 060210, 080810, 
080721, 990123 and 080413B) are brighter than this clus- 
ter (albeit significantly, in some cases) . Most of these are 
probably dominated by additional emission components 
at early times (see below), although the unbroken decay 
from very early times on in the case of G RB 061007 may 
speak against an additional component (jMundell et alj 
I2007bl : ISchadv et all I2007bl) GRB 080721 is a simi- 
lar case ijStarling et al.ll2009| ). The strongly clustered 
afterglows would then be those that are dominated by 
the forward shock emission already at early times, while 
the f ainter afterglows m ay suffer from optical supres- 
sion (iRoming et al.|[2006l) or a late afterglow onset (e.g. 
iMolinari et al.ll2007t iNy scwandcr et al."2009af). In some 
cases (e.g., GRB 060729, Grupc et al. 2007a), there are 
also indications that significant long-term energy injec- 
tion similar to what may cause the shallow decay / plateau 
phase of the "canonical" X-ray afterglow (iNousek et al.l 
[200llZhang et al.ll2006l: iPanaitescu et al.ll2006af )' occurs, 
although in most cases the plateau phase in X-rays and 
the following break to a "classical" afterglow deca y is not 
mirrored in the optical (jPanaitescu et al]l2006b( ). This 
highlights the possibility that there are afterglows that 
start at a similar faintness to, e.g., GRB 060729, and 
then follow a straightforward decay instead of remaining 
roughly constant. These optical afterglows would be too 
faint to be included in our sample due to the selection 
criteria, and might also be much less luminous at 0.5 
rest-frame days than the afterglows presented here. 

Fitting the complete distribution with a single Gaus- 
sian does not yield an acceptable result, it is x^/d.o.f.=: 
1.58, and, more importantly, the fit finds that a constant 



j/o ~ 2 has to be added, which is unphysical. Instead, fol- 
lowing the idea that we are seeing three different types 
of early behavior, we are able to fit the distribution with 
three overlapping Gaussians (see Fig. [6]). We find a sig- 
nificantly improved fit, it is x^/d.o.f.= 0.58, no constant 
term is needed (j/o = 0), and the three Gaussians are 
centered at 8.67 ±0.48 (FWHM 2.20) mags, 12.31 ±0.09 
(FWHM 1.52) mags, and 15.11 ± 1.23 (FWHM 4.95) 
mags, for the "overluminous" , "standard" and "sublu- 
minous" types, respectively. 

Several c a.veats apply, howeve r, and the picture is not 
so simple. iKann et all (|2007a[ ) discussed the possibil- 
ity of different spectral slopes at early times, in appli- 
cation to the prompt optical emission of GRB 050904. 
They found that assuming achromaticity (and thus the 
spectral slope derived from the late-time, forward-shock 
dominated afterglow), the luminosity of the prompt 
flash was higher than in the case that spectral slopes 
more appropriate for early emission were considered 
(e.g., fast cooling phase, or injection frequency still 
above the optical band). Therefore, such color evolu- 
tion may also apply to other afterglows in our early 
sample, possibly widening the clustering in one photo- 
metric band. For some GRBs, early multicolor after- 
glow data are available, but these yield an inconclu- 
sive picture. For example, the prompt optical flare of 
GRB 061121 (jPage et all l2007| ) is more pronounced in 
the V band {Swift UVOT) than in unfiltercd obser- 
vations (ROTSE). On the other hand, t he color evo- 
lution of the afterglow of GRB 061126 (jPerlev et al.l 
I2008a[) goes from redder to bluer, similar to the case of 
the very-well samp l ed early afterglow of GRB 080319B 
(iBloom et al.l 120091 : iRacusin et all 120081 : IWozniak et al.l 
|2009[ ). Several other afterglows show no early color 
changes at afl, e.g. those o f GRB 060418 and GRB 
060607A (IMolinari et al.|[2007HNvsewander et al.ll2009al) 
and G RB 061007 (jMundell et al ■I I2007bl: ISchad7 et al.l 
l2007bD . 

Furthermore, several cases in the "cluster" exist where 
a detailed study has shown additional emission compo- 
nents. An early reverse s hock component has been pro- 
posed for GRB 050525A (|Klotz et al.ll2005al: ISimofcDail 
l2005f l. this is also an in terpretation for the early steep 
decay o f GRB 061126 (IPerlev et al.l [2008al) and GRB 
060908 (jCovino et al.ll2010f ). In the case of GRB 051111, 
an early steep de cay is associated with the tail of th e 
prompt emission ()Yost et al.ll2007at [Butler et al.ll2006[) . 
Once again, there are counterexamples, e.g. for GRB 
060418, early upper limits on the polarization of the op- 
tical afterglow point to a weak (or even negligible) re- 
verse shock component (jMundell et al.ll2007al : lJin fc FanI 
l2007f ). in agreement with a dominating forward shock at 
very early ti mes. 

Recently, IPanaitescu fc Vestrandl (j2008l) have pre- 
sented a study of early afterglow behavior, investigat- 
ing different classes and finding a possible correlation 
between peak luminosity and peak time for afterglows 
with fast rises (which can be both reverse-s hock flashes 
and f orward-shock peaks; from their sample. lOates et all 
HOOlfind the rises are consistent with forward-shock evo- 
lution), which they claim might even be used as a red- 
shift indicator. Our large sample allows us to further 
study this possible correlation. In total, we find 72 af- 
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Fig. 7. — The peak magnitudes of 70 afterglows from our sam- 
ples, as derived from the extinetion-eorrected z = 1 light curves 
(Fig. |4]l. We discern between six groups: Those with early peaks 
followed by rapid decays (possibly of reverse-shock origin, filled red 
stars), those where the peak is before the earliest detection, but the 
early decay is also steep (empty red stars with upward-pointing ar- 
rows), those with early peaks followed by slower decays (probably 
of forward-shock origin, filled green discs), those where the peak 
is before the earliest detection, but the early decay is also slower 
(green rings with slanted arrows), those with early plateau phases 
which also show magnitude peaks (very slow rise and decay, filled 
blue triangles), and those where the early decay is very slow, but 
the peak lies before the first detection (empty blue triangles with 
left-pointing arrows). While there is clearly an envelope seen, the 
scatter is very large. Several outstanding events have been labeled. 
See text for more details on special cases. 

terglows (including several more from the prc-Swift era) 
which have either very early detections, or show later 
peaks. We have gathered these afterglows in Table [6l 
where we give the relevant time (peak or earliest detec- 
tion) and the Rc magnitude in the extinction-corrected 
z = 1 frame (errors are statistical only). We discern 
between six classes, and indicate additional noteworthy 
features in the comments to Table [6l 

• Afterglow peak followed by a fast decay: 

These afterglows show a fast rise to a peak, fol- 
lowed by a fast decay {a « 1.5 — 2), which usu- 
ally becomes flatter later. This behavior is in- 
terpreted as an additional component superposed 
on the forward-shock afterglow, which, due to its 
rapid decay, quickly becomes less luminous than 
the forward-shock afterglow, leading to the steep- 
to-shallow transition. Often, this component is at- 
tributed to a reverse-shock flas h, with the classi- 
cal example being GRB 99012 3 (jMeszaros fc Reed 
[19971 . [l999HSari fc Piranlll999l) . In other cases, it is 
probably tied to optically emissive internal shocks, 
that is, dir ect central engine activity, as for GRB 
080319B ^^ (iRacusin et al.ll2008l: IBeskin et al.| [2009l 
but see iKumar fc NaravanI 120091) . GRB 060526 
(iThqne et all I2010D. GR B 061121 (IPaee et al.l 
I2007D, and GRB 080129 (IGreiner et al.l l2009aD . 
making this a diverse class. These afterglows (or, 

^^ IHacusin et all I I2008I ) interpret the intermediately rapid decay 
in the early light curve of this afterglow as a reverse shock fiash 
component that becomes dominant over the very rapidly fading 
prompt optical emission. 



more correctly, optical transients), are the most 
luminous among GRB or any other phenomena 
(iKann et al.l[2007at [Bloom et all 120091) . We find 
seven afterglows (10%) in this category. 

• Initial fast decay: These afterglows show a sim- 
ilar steep-to-shallow transition as described above, 
but the observations did not begin until after the 
peak, implying it m ust be very early. A n exam- 
ple is GR B 090102 (jGendre et al.l [20Tol see also 
iStratta et a l. 200^. To our knowledge, an early 
steep decay for GRB 090424 is reported here for 
the first time. This category contains six after- 
glows (8%), and the combined fast decay categories 
make for 18% of al l afterglows, in agreement with 
iKlotz et all (pfiOQcl ).^^ 

• Afterglow peak followed by a slow de- 
cay: In these cases, after a usually fast rise 
and a turnover, the decay index is typical for a 
forward-shock afterglow with constant blastwave 
energy (aside from the radiative losses, and op- 
posed to a forward shock with energy injection), 
and there is no further transition between dif- 
ferent decay indices. This has been interpreted 
as the rise of the forward-shock afterglow at 
deceleration time, with clas sical examp les being 
GRBs 060418 and 06060 7 A (iMolinari et al. 2007t 
iNvsewander et al1l2009a[ ). iPanaitescu fc Vestrandl 
(120081) 7 from afterglow modeling, also favor this ex- 
planation, with a second valid interpretation be- 
ing non-uniform jets beamed off-axis with respect 
to the observer. Such an interpretation is fa- 
vored for late peaks (if the initial Lorentz fac- 
tor is also a f unction of ang l e), as in the case of 
GRB 080710 (|Kr(ihler et al.ll2009bD . Some spe- 
cial cases also exist, like the extreme rebrighten- 
ing (following a standard forward-shock decay) of 
GRB 060206, which has been interpreted as an ex- 
treme energy injection event (jWozniak et al. 200^ 
iMonfardini et al.ll2006f ). This group contains the 
most afterglows, 30 (41%). 

• Initial slow decay: In these cases, the decay in- 
dex is typical for a forward-shock dominated af- 
terglow, and no peak is seen. All afterglows in our 
total sample which we do not discuss here would fit 
into this category, but have been detected at such 
late times (e.g., almost all afterglows of the pre- 
Swift era) that no real conclusions can be gathered 
about their early behavior. Intriguingly, some af- 
terglows with very early detections already feature 
a typical forward-shock decay from the first detec- 
tion on. While once seen as the most typical be- 
havior, most forward-shock dominated afterglows 
peak late enough that their peaks are detected (see 
above), putting less afterglows in this category, a 
total of 15 (21%). In total, the early dominance of 

A reverse shock origin has also been implied for the very 
early, steeply decayi ng emission of GRB 60117 (mentioned b efore, 
IJeh'nek et aLll2006bl 'l and GRB 06011 IB llStratta et al.ll200gfl . but 
the latter GRB, which incidentally shows evidence for very high 
host extinction as well, has no redshift beyond estimates and is 
also missing from our sample. 
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the forward shock is found to be the most common 
case, with 45 aftergfows (62%). 

• A plateau with a discernible peak magni- 
tude: In these cases, a rising-to-decaying transi- 
tion is seen as well, but the rise and initial decay 
are very shallow, leading to a plateau phase where 
the afterglow luminosity barely changes over long 
times. Such a behavior has often been seen in con- 
nection with the spectrally soft X-Ray flashes^^, 
and may indicate a jet v iewed off-axis (e.g., X RF 
080310 and XRF 080330. iGuTdorzi et al.|[2009al an- 
alyze the latter in detail). Several special cases 
are included in this category, like GRB 021004, 
which is domi nated by multiple energy injec tions 
at early times ()de Ugarte Postigo et al.|[2005D . and 
the highly peculiar afterglow of GRB 970508, which 
begins with a very faint plateau followed by a very 
late, strong rebrightening. This category contains 
nine afterglows (12%). 

• An early very shallov^r decay: Here, the after- 
glow decays from the first observation onwards, but 
the decay index is very shallow, less than is ex- 
pected from a classical forward shock (a w — 0.4), 
creating a plateau phase. A classical example of 
such behavior is GRB 50801 (jRvkoff et al.ll2006al: 
iDe Pasauale et aLll2007[ ). and it has a lso been seen 
in the highest redshift GRB 090423 (jTanvir et al.l 
[20091 ). These very slow decays are quite rare, with 
only six afterglows in the sample showing them 
(8%). 

We plot aU 73 data points (GRB 060729 has resulted 
in two measurements) in Fig. [71 discerning between the 
six classes. Clearly, an envelope is seen which trace s the 
correlation found by iPanaitescu fc Vestrandl ()2008l ) , but 
the scatter is much larger than what they find in their 
small sample, indicating that the significance of the cor- 
relation is much smaller than assumed. Applying rank 
correlation tests, we find Kendall's r = 0.43, and Spear- 
man's p = 0.62, indicating the existence of a correlation 
with onl y moderate s i gnifica nce. A similar result was 
found by iKlotz et al.l (|2009d) using observations of the 
TAROT robotic telescopes. In magnitudes, the width 
of the scatter is around ten magnitudes even if we only 
choose those afterglows which exhibit a fast rise (and fast 
or slow decay). Intriguingly, those afterglows which are 
already decaying at first detection cluster more strongly 
than those with detected peaks (especially those with 
rapid decays), on the left hand side of the correlation, 
indicating an extension in this direction and even larger 
scatter, were the optical follow-up to be even more rapid. 
All afterglows not included in our sample of 72 would be 
found in the lower right hand corner, usually beyond 0.1 
d ays and fainter tha n 16tli magnitude. 

lOates et al.l (|2009[ ) find a statistically significant cor- 
relation between the early decay index and the magni- 
tude of the afterglow, with bright afterglows decaying 
more rapidly. This hints both at possible additional 
early components in the afterglow, as well as pointing 

Note that some X-ray flashes show a normal, f orward-shock- 
like d ecay from very e arly on, e.g., XRF 05 0406 l lSchadv et al.l 
[200^) and XRF 050824 JSollerman et al.|[2007t) . 
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Fig. 8. — The flux density in the Rc band at one day (in the host 
frame assuming 2 = 1) plotted against the bolomctric isotropic en- 
ergy of the prompt emission for all GRBs in the optically selected 
sample (except GRB 991208, which was only discovered after sev- 
eral days, and GRBs 060210, 060607A, 060906 and 080319C, where 
the follow-up docs not extend to one day). While no tight correla- 
tion is visible, there is a trend of increasing optical luminosity with 
increasing prompt energy release. This is confirmed by a linear fit 
(in log- log space), using a Monte Carlo analysis to account for the 
asymmetric errors. The dashed line shows the best fit, while the 
dotted line marks the 3cr error region. Several special GRBs are 
marked. 

to the late clustering (a fast-decaying, bright afterglow 
will be at similar magnitude at one day as a fainter after- 
glow that decays more slowly, though note the transition 
time plays an important role as well) . Further studies of 
the early diversity, especially the optically subluminous 
cases, which must decay slowly or even rebrighten to fit 
into the late clustering (and are therefore usually found 
in the two plateau groups mentioned above), are beyond 
the reach of this work. 

3.3.5. Existence of a Correlation between Optical 
Luminosity and Isotropic Energy? 

In Fig. [5| we show the fiux density in the Rc 
band at one day in the host frame assuming z = 
1 (Fig. [H Table [5]) plotted against the bolometric 
isotropic energy of the pro mpt emission (Tab l e [D) . This 
plot is similar to that of iKouveliotou et all (12004 see 



, in 

also iFreedman fc WaxmanI |200H iLiang fc Zhand 120061: 
Amati et al.l 120071: iKaneko et al.l 120071: iGeh rels et al.l 
20081 and INakad 120071 : IBergedl2007l IoTTvpc 1 GRBs), 
who used the X-ray luminosity at 10 hours (for a deta iled 
discuss ion. seelGranot et ani2006 : [Fan fc Piranll2006D . as 
well as INvsewander et al.l ( 2009b ). who also studied the 
i?— band luminosity (as well as the X-ray luminosity) at 
11 hours. Similar to the correlations found by the afore- 
mentioned authors, a trend is visible in Fig. [8) The 
optical luminosity increases with increasing prompt en- 
ergy release. But the scatter is very large, especially in 
contrast to the often very well constrained fiux densities 
(i.e., the offset from the best fit in units of the individ- 
ual flux density errors ctf is much larger than one in 

many cases, ^ 1, with Fpit being the fiux den- 
sity expected from the correlation). This can be clearly 
seen both in flux density and in isotropic energy. GRB 
061007 and GRB 070125 have almost identical isotropic 
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energy releases, but the flux densities of their optical af- 
terglows differ by a factor of 23l;g^. The span between 
GRB 080129 and GRB 050502A is even larger, over two 
orders of magnitude. GRB 990123 has an isotropic en- 
ergy release roughly 1000 times higher than GRB 060729, 
but its optical afterglow has a slightly fainter luminosity 
at one day. The trend is almost non-existent except for 
three faint bursts: XRF 060512, X RF 05 0416A and GRB 
070419A have been mentioned in 13.3.11 and here we see 
that these events are also subencrgctic in their prompt 
emission. The faintest optical afterglow of the K06 sam- 
ple, GRB 040924, is seen to be among the least energetic 
GRBs too, but it is still part of the "cloud" . In log-log 
space, we use a linear fit, accounting for the asymmetric 
error bars with a Monte Carlo simulation. In 30000 runs, 
we find the following correlation: 



Fppt (at t = 1 day) _ 
1/xJy 

2q(0.607±0.041) 



iso.bol 



i^lOS" erg) 



(0.366±0.013) 



(1) 



Using an unweighted fit, we find exactly the same slope 
and a slightly smaller (though identical within la errors) 
normalization, indicating that the intrinsic scatter domi- 
nates over the errors of the data points. Using Kendall's 
rank correlation coefficient t, we check the significance 
of the correlation. We find t = 0.29 (significance 4.1a) 
for the complete data set. Therefore, the correlation is 
only of low significance. As would be expected, remov- 
ing the three subenergetic events reduces the significance 
even more, it is r = 0.24 (significance 3.3cr). We conser- 
vatively estimate the errors on r by creating maximally 
tight and maximally scattered data sets. In the first case, 
we shift data beneath the best fit closer by —6Eiso,boi and 
+SFopt, and data above the best fit closer by +5Eiso,boi 
and —SFopt- In the latter case, the data are shifted away 
from the correlation in the reverse way. For the maxi- 
mally tight data set, we find r = 0.44 (significance 6.1a) 
for the complete data set and r = 0.40 (significance 5.5a) 
when we remove the three subenergetic events. For the 
maximally scattered data set, the values are r = 0.18 
(significance 2.6cr) and r = 0.13 (significance l.Scr), re- 
spectively. 

Nakar ( 200^ and lBergeil ()2007D argue that as the cool- 
ing frequency is usu ally beneath the X-ray range (but see 
iZhang et alTl2007bl . who find that 30% (9 of 31) of the 
X-ray afterglows they studied to still have i/c > vx at 
up to ten hours after the GRB), the X-ray luminosity 
is independent of the circumburst density and it thus 
represents an acceptable proxy for the kinetic energy, 
Lx oc eeEx (with Cg being the fraction of energy in rel- 
ativistic electrons). Clearly this is not the case here, as 
the cooling bre ak lies above the optica l bands i n most 
cases f e.g. K06:lPanaitescu et al.ll2006airbl: Starli ng et al.l 
[2007at ISchadv et al.ll2007al : ICurran etall [20101 ). There- 
fore, the strong spread in optical luminosities may be 
explained by the effect of the spread in the circumburst 
den sity, which, while typica lly lying at 1 — 10 cm~'^ 
(cf. IFriedman fc Blooml[2005l ) , can reach several hundred 
cm-3, e.g. in the case of GRB 050904 (jFrail et al.ll2006D . 
Still, the existence of this trend is intriguing, and fur- 



ther observations will hopefully reveal more subluminous 
GRBs. One extension possibility is to do a similar anal- 
ysis for Type I GRBs, these results are presented in the 
companion Paper II. Furthermore, using measured jet 
break times, one could correct for the jet collimation, and 
step from an "Amati-like" (using -Eiso) to a "Ghirlanda- 
like" (using Ey) plot, albeit with less events. 

3.3.6. A New Population of Low-Luminosity GRBs at Low 

Redshifts ? 

is clear evidence for one Type II sub- 



There 

population that probably extends the 
correlation to significantly lower energy values 
are the so-called low-luminosity SN bursts 

9804 25 GRB 031203 a nd XR F 060218 dPL 

20061 ISoderberg et all I2006bt ILiang et all I2007al : 



These 
GRB 
lan et al.l 



Guetta fc Delia Valid I2007f )^". In aU these three cases. 



while luminous, basically unreddened SN emission was 
detected, there were no or only margi nal indications 
of a " classical" optica l after gl ow fe.g.. iGalama et al.l 



19981 iMal esani et al.1 120041: iCampa na et al 

Jfo 



Plan et al.l 2006: Ferrero et all [2 006:' Co bb et all 



2006 



2006 



Mira.bal et al.il2006inModiaz et al.ii2006i: iSoUerman et al 



2006t iKocevskT et al. 1 120071) . On the other hand, the 
prompt emission energy release of these GRBs is orders 
of magnitude beneath typical Type II events and thus, 
they cannot be readily compared with each other. The 
SN emission and, in the case of GRB 031203, the bright 
host galaxy (iProchaska et al.|[200l iMazzali et "all 120061 : 
iMargutti et al.l 120071 ) prevent us from setting definite 
limits on afterglow emission, thus, they can not be 
included in our study. 

Recently, systematic photometric and spectroscopic 
observations of GRB host galaxies^^ (sec, e.g., 
iJakobsson et al.l 200611 for a short introduction to the 



Perlev et al.ll2009dl for first results from 



VLT survey, and 
the Keck survey) have started to reveal a population of 
GRBs that are intermediate in luminosity, both in terms 
of prompt emission and afterglow, lying between most of 
the GRBs in our optically selected sample and the local 
universe low-luminosity events mentioned above. These 
GRBs are defined by low fluence, usually soft spectra 
(several are XRFs), usually a simple prompt emission 
light curve, faint or non-existent afterglows and low red- 
shifts (z < 1)^^. Recently, the existence of this popu- 
lation was inferred theoretically by comparing the dis- 
tribution of measured redshifts with what is expected if 
the GRB rate follows the star formation history of the 

^° The recently d iscovered XRF 100316D l lChornock et al.|[20TOl ; 
IStarling et al.|[201CII ) does not yet have enough analyses published 
to be further included here. 

We note that, as many of these events were optically dark, 
their host galaxies are selected via Swift X-ray error boxes. This 
presents problems similar to Type I GRBs, which up to now have 
host-galaxy determined redshifts exclusively (see Paper II). Indeed, 
several host galaxy c andidates have been ruled out after a refined 
X-ray analysis (e.g. IPerlev et al.|[2009dl) . Also, there is the in- 
creased possibility o f a chance superposition l|Cobb fc Bailvnll2008l : 
ICampisi fcTill200g ). 

^■^ Note that our sample only ov erlaps in X RF 060 218 w ith the 
Swift long-lag sample presented bv lXiao fc S cliacfcr 1 2 003 ). which 
they find is not associated with the Local Supcrclustcr (whereas 
several of our optically selected GRBs, namely GRB 051111, GRB 
060502A and GRB 060607A, are in the sample of those authors). 
Therefore, a long spectral lag is not a common feature of the sample 
we present here. 
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universe (iCoward et alj [20081 ) . Several examples are in- 
cluded in our sample (XRF 050416A, XRF 060512, GRB 
070419A) and have been mentioned above, although 
these still have afterglows that arc relatively bright ob- 
servationally. Another example is XRF 050824, although 
this event has an even brighter optical afterglow. We 
have searched the literature for further examples of these 
low-redshift events. Similar to our main Type II sample, 
we compiled their energetics, which are presented in Ta- 
ble [T] This contains ten events from the Swift era and 
three pre-Swift events. Next to GRB 980425 and GRB 
031203 we have added XRF 020903. The latter burst did 
have a faint afterglow and showed a spectroscopic (al- 
beit of low significanc e ) and photometric SN sig nature 
(jSoderberg et al.|[20p. l2005al: iBersier et all 120061) . Due 
to limited publicly available photometry (or no afterglow 
detection at all), these GRBs can not be included in our 

main sample e ither. 

iFiore et al.l (|2007l see also lKistler et al.l 120081) specu- 
late that many bright Swift GRBs without optical af- 
terglows could be low-z, dust obscured events. Such 
events clearly exist, GRB 051022 was mentioned above, 
and other examples are GRB 060814A and GRB 070508. 
Both were very bright GRBs with bright X-ray after- 
glows, but they were optically dark (060814A) or faint 
(070508) and their afterglows were d iscovered only in 
the NIR f060814 A. iLevan et al.ll2006D or were very red 
(070508. Piranom onte et al.ll2007l) . GRB 060814A lies at 
z = 0.84 (Thonc c t al.ll2007cr>,~GR B 07050 8 (probably) 
at z ^ 0.82 ((Jakobsson et al.ll2007aL but see lFvnbo et al.l 
l2009t) . But the GRBs listed in Table [7] are clearly a dif- 
ferent population, although here too, evidence for dust 
obscuration does exist, e.g. GRB 060202 (at z = 0.783), 
which ha d a bright X -ray afterglow, was dark even in the 
K band (|Wang et al . 2006), while the X- ray faint GRB 
05022 3 was situated in a dusty, red galaxy (jPellizza et al.l 
l2006f ). Intrinsic faintness or dust obscuration is unde- 
cided in the other cases, but we point out again that this 
population has low-luminosity prompt emission. This 
population may partly be responsible for an excess of 
dark burst s at low gamma-ray peak fluxes, reported by 
[Pail (I2OO9I) . 

In Fig. [5] we show the distribution of the bolometric 
isotropic energies for the "optically selected" main sam- 
ple of this paper (which also includes the K06 bursts), 
the four SN GRBs/XRFs and the low-z low- luminosity 
sample. All in all, the isotropic energy releases are dis- 
tributed over six orders of magnitude without gaps, with 
only GRB 980425 being over one order of magnitude less 
energetic than the next faintest event (XRF 020903). 
Clearly, the three samples are quite distinct from each 
other. The mean (logarithmic) bolometric isotropic en- 
ergy of the optically selected sample is i?iso,boi = 52.88 ± 
0.09, it is i?iso,boi = 51.30 ± 0.16 for the low-z sample 
and Siscboi = 49.22 ± 0.43 for the "SN" sample. A KS- 
tcst finds that the optically selected GRBs and the low-z 
GRBs do not stem from the same sample with high signif- 
icance [P — 2.7 X 10^^). This low probability is hardly 
surprising, as the low-z sample was selected according 
to the criteria of low fluence and low redshift, necessarily 
implying a low isotropic energy release. We note that the 
five faintest GRBs (in terms of prompt energy release) 
in the optical sample all lie at z < 1. Next to XRF 
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Fig. 9. — The distribution of bolometric isotropic energies for 
all the GRBs of the "optically selected" main sample of this pa- 
per (Table [Jjl and the low- 2: low-luminosity events (Table O for 
which we have no optical afterglow information. Here, we also dif- 
ferentiate between the four local "SN" GRBs/XRFs and the new 
sample which is being uncovered mostly by host galaxy observa- 
tions. These form an intermediate population between the opti- 
cally selected sample and the local events with spectroscopic SN 
signatures. 



060512, XRF 050416A, GRB 070419A and XRF 050824 
(all mentioned above) this includes XRF 071010A. The 
latter event, though, has an observationally bright opti- 
cal afterglow. If we move the first four into the low-z 

52.96 ± 0.08 for the rest of the 
51.21 ±0.14 for 



,bol 



sample, we find i?is 
optically selected sample and -Eiso.boi 
the larger low-z sample, and the difference becomes even 
more sig nificant {P = 7.4 x 10"^). On the other hand, 
the almost continuous distribution of energy releases may 
indicate that all events are part of a single population 
that can be described by a single power-law luminosity 
function. A deeper analysis is beyond the scope of this 
paper, but it would require an estimation of the true rate 
of these events, similar to what ha s been done for the lo- 
cal universe SN events (iPian et al? 



■ 2006: Sodc rberg et al.l 

200611 iLiang et al.l I2007at IGuetta fc DcUa Valid 12007 
Virgih et al.ll2009D . 



As pointed out above, most of these low-z events are 
only now being identified as such due to host galaxy spec- 
troscopy campaigns. These arc, of course, biased to low 
redshift events, both due to host galaxies being obser- 
vationally brighter and due to effects like the "redshift 
desert" when the [O 11] line moves into the airglow re- 
gion of the spectrum at z > 1. Still, it is intriguing 
that many of the GRBs with new redshift information 
are no t the bright, dust-enshrouded events [Piorc ct all 
(|2007[ ) predicted, but a population that falls beneath the 
"standard energy reservo ir" as already pointed out by 
iKocevski fc ButleU (|2008[ ). These events, being optically 
dim or even dark, are only observable due to the X-ray 
localization capabilities of Swift (with the flux sensitivity 
playing a lesser role) which allows discovery of the host 
galaxy in many cases (although we caution again that 
the significance some the associations may be question- 
able). With more host galaxy observation results likely 
to be published in the future, it is expected that this 
sample will continue to grow. As most of these rcdshifts 
were not found until months after the event, searches for 
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SN signatures have not been undertaken, so it is as yet 
unclear if these events are also subluminous (or perhaps 
superluminous) in terms of their SN explosions (assum- 
ing that they truly are related to the deaths of massive 
stars). But the clear association of events that are even 
fainter with powerful broad-lined Type Ic SNe indicates 
that the basic collapsar mechanism will probably also 
underlie this new population. Future observatories, such 
as SVOM and especially EXIST, are predicted to yield 
much higher detection rates of these subluminous GRBs 
(jimerito et al. 200j), though we point out that Fermi 
GBM, despite its wide FOV, is not well equipped for 
this task, as the low localization precision precludes a 
high identification rate. 

4. SUMMARY AND CONCLUSIONS 

We have compiled a large amount of optical/NIR pho- 
tometry of Swift-era GRB afterglows, creating a total 
sample of 76 GRBs (as well as three more pre-Swift 
events); consideri ng events up to the end of September 
2009. Following IZeh et al.l (|2006f ) and K06, we analyzed 
the light curves and spectral energy distributions. We 
also collected data on the energetics of the GRBs. We 
used this sample to compare the Swift-era. afterglows to 
the pie-Swift sample taken from K06, and looked for cor- 
relations between the optical afterglow luminosity and 
parameters of the prompt emission. To summarize, we 
come to the following results. 

• As has been found before, observed optical after- 
glows in the Swift era are typically fainter than 
those of the pie-Swift era. The rapid localization 
and follow-up capabilities available today give us 
access to this fainter population. 

• In terms of luminosity, we find no statistically sig- 
nificant difference between the pre- Swift and the 
Swift-eia afterglows, the relative faintness of the 
Swift-era afterglows can typically be attributed to 
a larger mean rcdshift. But we caution that several 
selection biases still apply. 

• We stiU find (see also K06) that SMC-like dust is 
usually preferred and that the linc-of-sight extinc- 
tions through the GRB host galaxies are usually 
low. StiU, at least one clear case (GRB 070802) of 
high Ay exists. 

• The trend seen in K06 of lower extinction at higher 
redshifts is confirmed in our new sample, which in- 
creases the number of z > 3 GRBs from one to 
17. We caution though, that the correlation is only 
weak, and it is still unclear if this is due to a true 
evolution or to a selection bias. 

• The clustering of optical a fterglow luminos i ties at 
one day reported by K0 6, iLiang &: Zhang] ()2006f ) 
and lNardini et al.l ()2006[) is found to be less signifi- 
cant than before, indeed, the spread of magnitudes 
actually increases in luminosity space due to the 
discovery of exceptionally over- as well as underlu- 
minous events. As the Swift sample is less biased 
than earlier samples, this indicates that the clus- 
tering found in pie- Swift data may be the result 
of selection effects only. The bimodal distribution 



when splitting the afterglows into two redshift bins 
is confirmed though, but the total sample itself is 
not found to be bimodally distributed anymore, in 
agreement with several other recent results. 

• Our samples contain all GRBs which have been 
observed with high-resolution echelle spectroscopy 
(and have had these results publi shed beyond GCN 
circulars). iProchter et al.l (j2006( ) found a high in- 
cidence of strong foreground absorption systems in 
comparison to a QSO sightline sample. One pos- 
sible explanation, that these foreground galaxies 
are gravitationally lensing the afterglow (making 
them brighter and consequently more accessible to 
echelle spectroscopy) would imply that the echelle 
sample is significantly more luminous than other 
afterglows. We find no evidence for such an in- 
creased luminosity, both in comparison between the 
echelle-observed afterglows and those with low-res 
spectroscopy only, as well as between those with 
and without strong foreground absorption systems 
within the echelle sample. We caution, though, 
that we are also not able to rule out a low am- 
plification factor. 

• We find that an upper boundary on the optical lu- 
minosity of a forward-shock driven afterglow seems 
to exist. 

• At very early times, the apparent magnitude spread 
is much larger than at later times but, intrigu- 
ingly, half the afterglows strongly cluster within 
three magnitudes. Basically, there seem to be three 
classes: optical afterglows with additional early 
emission components, afterglows dominated by the 
constant-blastwavc-cnergy forward shock already 
at early times, and optically faint afterglows that 
show plateau phases or later rebrightenings (possi- 
bly due to energy injections into the forward shock 
or off-axis viewing geometry). The forward-shock 
dominated afterglows make up 60% of the sample 
that had early detections (or late, definite peaks), 
and the afterglows with additional emission com- 
ponents, which are the most luminous ones, are 
also the most rare. While there is a trend between 
the peak time and the peak luminosity of after- 
glows with fast initial rises, a strong correlation 
(jPanaitescu fc Vestrandl I2008D is not observed in 
our larger sample. 

• A trend is visible between the isotropic energy re- 
lease in gamma-rays and the optical luminosity at 
a fixed late time in the rest frame. The scatter is 
large, probably due to circumburst density varia- 
tions, but low- luminosity events support the reality 
of this trend. 

• We propose the existence of a population of low- 
redshift low-luminosity events that bridge the gap 
between the Type II GRBs in our main sample (se- 
lected due to their optical afterglows) and the "SN" 
GRBs/XRFs that have been detected in the local 
universe. These events are optically dim or dark 
and are being revealed mostly by systematic host 
galaxy observations which are able to determine 
that their redshifts are low. 
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At the time the resuhs of iZeh et all ()2006D and K06 
were pubhshed, the pie-Swift era was a closed chapter 
and a clear overview of the properties of pie- Swift GRB 
afterglow could be given. The Swift era, on the other 
hand, continues, and with time many more results, larger 
samples and probably more surprises await us. There- 
fore, this work and its companion paper (Paper II) can 
only give a first overview, by nature incomplete, of the 
less biased sample Swift is delivering. And the stud- 
ies of the properties of dust and the chemical evolution 
of galaxies in the reionization era, thanks to the high 
rate of GRBs in the early universe ("Ylikscl et alll2008l: 
Kistler et ai]|2009l: ISal^aterra et al.ir2009b; ,Tanvir et al.l 
2009() . has onlv just begun, and awaits the development 
of more powerful instruments to study GRB afterglows 
in the NIR/MIR wavelength regions. 

We thank the anonymous referee for helpful comments 
that improved this paper. D.A.K. thanks C. Guidorzi 
for helpful comments as well as the GRB 061007 cali- 
bration, D. A. Pcrley for "better-late-than-never" com- 
ments, and A. Zeh for the fitting scripts. D.A.K. , S.K. 
and P.F. acknowledge financial support by DFG grant Kl 
766/13-2. B.Z. acknowledges NASA NNG 05GC22G and 
NNG06GH62G for support. The research activity of J.G. 
is supported by Spanish research programs ESP2005- 
07714-C03-03 and AYA2004-01515. D.M. thanks the In- 
strument Center for Danish Astrophysics for support. 
The Dark Cosmology Centre is funded by the Danish 
National Science Fundation. A.U. acknowledges travel 
grant Sigma Xi Grant G2007101421517916. We are 
grateful to K. Antoniuk (CrAO) for observation of the 
GRB 060927. A.P. acknowledges the CRDF grant RPl- 
2394-MO-02 which supported observations in CrAO in 
2003-2005. S.S. acknowledges support by a Grant of 
Excellence from the Icelandic Research Fund. I.B., 
R.B., I.K. and A.G. give thanks to TUBITAK, IKI 
and KSU for partial support in using RTT150 (Russian- 
Turkish 1.5-m telescope in Antalya) with project num- 
ber 998,999. LB. and A.G. are grateful for partial sup- 
port by grants "NSh-4224.2008.2" and "RFBR-09-02- 
97013-p-povolzh'e-a" . M.I. acknowledges the support 
from the Creative Research Initiative program, No. 2010- 
0000712, of the Korea Science and Engineering Founda- 
tion (KOSEF) funded by the Korea government (MEST). 
Furthermore, we wish to thank Scott Barthelmy, NASA, 
for the upkeep of the GCN Circulars, Jochen Greiner, 
Garching, for the "GRB Big List" , Robert Quimby et al. 
for GRBlog and D. A. Perley et al. for GRBOX. This 
work made use of data supplied by the UK Swift Science 
Data Centre at the University of Leicester. 



Swift Type II GRB Afterglows 



21 



APPENDIX 
OBSERVATIONS 

• GRB 040924: Observations were obtained with the SmaU and Moderate Aperture Research Telescope System 
(SMARTS) 1.3ni telescope, equipped with the ANDICAM (A Novel Double-Imaging CAMera) detector (only 
upper limits could be obtained). Detections in Rc were obtained with the 1.5m Russian- Turkish Telescope 
(RTT150) in Turkey. Calibration was done against Landolt fields. 

• GRB 041006: Observations were calibrated against comparison stars obtained by Arne Hendcn^^. Data were 
obtained by the 1.5m AZT-22 telescope of the Maidanak observatory in Uzbekistan, equipped with the CCD 
direct camera, the 0.64m AT-64 telescope of the Crimean Astrophysical Observatory, Ukraine, the 1.34m Schmidt 
telescope of the Thiiringer Landessternwarte Tautenburg (Thuringia State Observatory), G ermany, and the 
RTT1 50. The results of AT-64 telescope (CrAO) observations were originally presented in iPozanenko et al.l 

• GRB 050315: Observations were obtained by the SMARTS 1.3m telescope. Imaging was obtained in all possible 
filters (BVRcIcJHK), but the afterglow was only detected in Rc and Iq- The observations were calibrated 
against Landolt fields. 

• GRB 050319: We obtained late and deep observations of this afterglow with multiple telescopes. The 2.56m 
Nordic Optical Telescope, NOT, equipped with the Andalucia Faint Object Spectrograph and Camera (AL- 
FOSC), the Standby CCD Camera (StanCam) and the NOTCam near-IR camera/spectrograph; the 3.6m Tele- 
scope Nazionale Galileo (TNG) equipped with the Low Resolution Spectrograph (LRS) (both telescopes on La 
Palma in the Canary Islands, Spain); the 1.5m Maidanak and the RTT150. Photometry was obtained using a 
Henden calibration in the optical. In the K band, we found only a single object (a probable elliptical galaxy) 
in the small NOTcam FOV which was also significantly detected in the 2MASS Ks band image, but it is too 
faint to be in the 2MASS catalog. We obtained a zero point of the 2MASS image (standard deviation 0.01 
magnitudes) from multiple bright 2MASS sources, measured the single source to be Ks = 16.07 ±0.18, and used 
it to derive the zero point of the NOTcam image and determine the afterglow magnitude (adding the statistical 
errors of the 2MASS and NOTcam magnitudes in quadrature), which is in full agreement with what is expected 
from the optical afterglow colors. 

• GRB 050401: Observations (only upper limits could be obtained) were obtained with the SMARTS 1.3m 
telescope. Calibration was done against Landolt fields. 

• GRB 050408: Observations were obtained at multiple epochs and in five colors [U BV Rcic) with the TNG, 
and a single observation each with the CrAO AT-64 and the Maidanak 1.5m. TNG observations were calibrated 
against converted magnitudes from the SDSS, while the AT-64 and Maidanak data points used the calibration 
by Arne Henden. 

• XRF 050416 A: Observations were obtained with the Maidanak 1.5m telescope in BRc, and have been cali- 
brated against a Henden calibration. Further observations, yielding detections in Ic but only upper limits in 
J, were obtained with the SMARTS 1.3m, including a late detection of the host galaxy. They were calibrated 
against Landolt standards. 

• GRB 050502A: Observations were obtained with the 0.8m IAC80 telescope at Observatorio del Teidc, Canary 
Islands, Spain, the Maidanak 1.5m (shallow upper limit only due to clouds), as well as the 2.5m Isaac Newton 
Telescope equipped with the Wide Field Camera (WFC) on La Palma. Photometry was performed against a 
Henden calibration. 

• GRB 050525A: Observations were obtained with the Southeastern Association for Research in Astronomy 
(SARA) 0.9m telescope at Kitt Peak National Observatory (KPNO), Arizona, USA, the 0.4m telescope of 
Ussuriysk Astrophysical Observatory (UAPhO) in the far east of Russia, the CrAO AT-64, the Maidanak 1.5m, 
the SMARTS 1.3m and the RTT150. Observations were calibrated against Landolt standards (RTT150) and 
against a calibration by Arne Henden. We detect the afterglow in SMARTS, SARA and RTT150 observations, 
and obtain upper limits otherwise, with a very deep upper limit from the Maidanak telescope. Som e of the 
results of Maidanak 1.5m and CrAO observations were previously presented in Pozancnko et al.l (|2007[ ). 

• GRB 050730: Ob servations were obtained by the SMARTS 1.3m (only upper limits, detections are presented in 
iPandev et an[2006[ ) and the RTT150, ft om which we obtained detections in the Rc and Ic bands. Observations 
were calibrated against Landolt standards. 



The calibration files of Arne Hcndon have been downloaded at ftp: / / ftp.aavso.org/public/calib/grb| The files have the names 
"grb******.dat", where ****** is the date of the GRB, e.g., "grb041006.dat" 
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GRB 050801: Observations were obtained by the Danish 1.54ni telescope at La Silla Observatory, Chile, 
equipped with the Danish Faint Object Spectrograph and Camera (DFOSC), a nd with the SMARTS 1.3m. 
Calibrations in BVIc were done using five stars each from lOvaldsen et al.l ()2007D . calibration in Rc was done 
against Landolt field stars observed near the GRB time with the D 1.54m, and calibration in JK was done against 
five 2MASS sources. 

GRB 050802: We obtained a large data set on this GRB, the only (beyond the GCN) gromid-based observa- 
tions published so far. Observations were obtained with the 1.5m telescope of the Sierra Nevada Observatory 
(OSN), Spain, the 2.6m Shajn telescope of the Crimean Astrophysical Observatory, the NOT, the TNG, and the 
Maidanak 1.5m. Photometry was performed against a Henden calibration. 

GRB 050820A: Optical observations were obtained with the UAPhO 0.4m, the Maidanak 1.5m, the Shajn 
2.6m and the RTT150. NIR observations were obtained with the TNG and the NICS (Near-Infrared Camera 
and Spectrometer) detector as well as with the 3.8m United Kingdom Infra-Red Telescope (UKIRT) on Mauna 
Kea, Hawaii, USA and the University of Wyoming's 2.3m Wyoming Infrared Observatory telescope. Optical 
data were calibrated against a Henden calibration, while the NIR data were calibrated against 2MASS. WIRO 
data were strongly affected by weather and detector systematics, while the statistical error are small (< 0.06 
magnitudes), we added an 0.1 magnitude error in quadrature to account for this; still, some scatter remains. 
Special care was taken with the late, deep Shajn observation, which was affected strongly by bad seeing, where 
we used the PSF of a nearby, bright, unsaturated star as a model to subtract the two nearby stars. Still, residuals 
remain and no significant source could be found at the afterglow position. We place a conservative upper limit 
of Rc > 23 on the afterglow magnitude, which is not constraining. 

GRB 050908: A single data point was obtained with the Maidanak 1.5m. Photometry was performed against 
the USNO A2.0 catalog. 

GRB 050922C: We obtained a very large data set, using the Zeiss-600 (0.6m) telescope of the Mt. Terskol 
observatory, Kabardino-Balkarija, Russia, the 1.3 m McGraw-Hill Telescope at the MDM Observatory, part of 
KPNO, the 8.2m European Southern Observatory Very Large Telescope (ESO VLT) at Paranal Observatory, 
Chile, the 4.2m Wilham Herschel Telescope (WHT) on La Palma, the NOT, the D1.54m, and the INT. Data 
were calibrated using a Henden calibration. 

GRB 051109A: A single data point was obtained with the 0.38m K-380 tele scope of CrAO. Ph otometry was 
performed against the USNO A2.0 catalog, and compares well with the data of I Yost et al.l ()2007aD . 

GRB 051111: We obtained data with the SARA and Maidanak 1.5m telescopes, and calibrated against the 
USNOBl.O catalog. They agree well with other published data. 

GRB 060206: We obtained data with the SARA and Maidanak 1.5m telescopes, and calibrated against the 
USNOBl.O catalog. They agree well with other published data. 

GRB 060418: Observations were obtained by the SMARTS 1.3m and the Maidanak 1.5m telescopes, yielding 
detections in seven filters {BV Rcic J H K) . SMARTS observations were calibrated with Landolt stars, while for 
the Maidanak observations, a Henden calibration was used. 

XRF 060512: Observations were obtained with the NOT and NOTcam. They were calibrated against the 
single 2MASS star in the small FOV. 

GRB 060607A: Observations were obtained with the SMARTS 1.3m, yielding detections in all seven filters. 
Photometry was performed against Landolt standards. 

GRB 060714: Observations were obtained with the SMARTS 1.3m. Photometry was performed against 22 
USNO-Bl.O stars in the Ic band and six 2MASS stars in the J band. Note that the Iq magnitude is too faint 
compared with what is expected from the Rc band, this may be due to a systematic offset in the USNO catalog. 

GRB 060729: Observations were obtained with the SMARTS 1.3m. Photometry was performed against Landolt 
standards. 

GRB 060904B: Observations were obtained with the RTT150, SNUCAM dim et al.|[20Tot )on the Maidanak 
1.5m and the SMARTS 1.3m. The RTT150 observations were performed starting just eight minutes after the 
GRB, during dawn twilight, leading to large uncertainties especially in the B and V filters. The observations 
were calibrated against Landolt stars (RTT150, SMARTS) and the USNO A2.0 catalog, the latter agrees well. 

GRB 060908: A single observation was obtained with the Zeiss-2000 (2.0m) telescope of the Mt. Terskol 
observatory, under very bad seeing conditions, leading to a marginal detection which nonetheless agrees well 
with other data. Two observations obtained with the Maidana k telescope yie l ded u pper limits only. We also 
present one UKIRT K-hanA detection which is not included in iCovino et al.l ()2010D . Images were calibrated 
against comparison stars provided by S. Covino, and UKIRT data against 2MASS stars. 



Swift Type II GRB Afterglows 



23 



GRB 060927: A single observation (upper limit only) was obtained with the 1.25ni AZT-11 telescope of the 
Crimean Astrophysical Observatory. The observation were calibrated against the USNO A2.0 catalog. 

GRB 061007: Observations were obta ined with the SMARTS 1.3m. They were calibrated against comparison 
stars taken from iMundell et all ()2007b[ ) in the optical and against 2MASS stars in the NIR. 

GRB 061121: Observations were obtained with the SMARTS 1.3m and the Shajn 2.6m telescope. SMARTS 
observations were calibrated against Landolt standards, while Shajn observations were calibrated against a set 
of stars provided by D.M. 

GRB 070125: Observations we re obtained w i th the SMARTS 1.3m. In BVRI, we calibrated the afterglow 
against eight standard stars from lUpdike et aTl (|2008b( ). in JHK, we used four 2MASS stars. 

GRB 070208: A single data point was obtained with the AZT-33IK (1.5m) telescope of the Sayan Observatory, 
Mondy, Siberia, Russia. The observation was calibrated against the SDSS catalog and agrees well with other data. 
A nearby galaxy was removed via mask-subtraction. Analysis of the photometric redshift of this galaxy (from 
SDSS data) obtained with HyperZ code (Bolzonella et al.ll2000[ ) reveals two minima, at z = 0.52 {xi — 0.47) 
and z ~ 0.07 {xt = 0.98), indicating that this is clearly not the host ga l axy bu t a foreground absorber. It did 
not fall in the slit during the spectroscopy reported bv ICucchiara et ahl (|2007af ). and no absorption lines from 
this system are reported either. 

GRB 070419A: Two observations were obtained with the SARA 0.9m telescope, resulting in a shallow limit 
and a marginal detection, as well as an upper limit from the Sayan telescope. Data were calibrated against the 
USNOBl.O catalog. 

GRB 071020: Observations were obtained with the SARA 0.9m, the 0.7m AZT-8 telescope of the Crimean 
Astrophysical Observatory, and the 0.6m Zeiss-600 telescope of the Maidanak observatory. The observations 
were calibrated against the SDSS. 

XRF 071031: Observations were obtained with the SMARTS 1.3m. They were calibrated against Landolt 
standards, an d in som e cases shifted slightly in zero-point to bring them into agreement with the data set of 
iKrhhler et all (|2009ar ). 

GRB 080129: Observations were obtained with the SMARTS 1.3m. This GRB was highly extinct, and no 
detections were achieved. The observations were calibrated with Landolt standards. 

GRB 080210: A single data point was obtained with the Sayan 1.5m telescope. The observation was calibrated 
against the SDSS catalog. It implies a possible rebrightening in the light curve. 

XRF 080310: Observations were obtained with the SMARTS 1.3m. They were calibrated against Landolt 
standards. 

XRF 080330: Observations were obtained with the SMARTS 1.3m and the Terskol 2m. They were calibrated 
against Landolt standards (SMARTS) and SDSS standards transformed to the Johnson-Cousins Rc band (Ter- 
skol). 

GRB 080413 A: Observations were obtained with the SMARTS 1.3m. They were calibrated against Landolt 
standards. 

GRB 080810: Observations were obtained with the Maidanak, Sayan, AZT-8, Z-600 and RTT150 (TFOSC in 
the first and second epochs, and the Andor CCD in the third epoch) telescopes. They were calibrated against 
SDSS standards, except for the RTT150 data, which was c alibrated against a Landolt standard star, and slightly 
adjusted to agree with the zero point of I Page et al.l (|2009( ). 

GRB 081008: Observations were obtained with the SMARTS 1.3m. They were calibrated against Landolt 
standards (Vic), 2MASS (JHK) and the USNOBl.O catalog (BRc) Additionall y, the B data were made 
brighter by 0.25 mags to bring it into accordance with the zero point for [Yua n et ajj (|2010l ). 

GRB 090 323: Observations we re obtained with the RTT150, the Shajn telescope, the TLS 1.34m (upper limit 
not used in lMcBreen et al.ll20ldl ) and the NOT, and calibrated against SDSS standards, either directly (RTT150) 
or transformed to the Johnson-Cousins bands. 

GRB 090424: Observations were obtained with the TLS 1.34m, the Maidanak 1.5m, and with the 1.23m 
Spanish telescope and the 2.2m telescope of the Centro Astronomico Hispano-Aleman (CAHA), Spain. They 
were calibrated against SDSS standards transformed to the Johnson-Cousins bands. 
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TABLE 1 
Afterglow Photometry 



GRB 


LJayo di LvJi Lrl 1^ tci I lilUJ-Lrllllt; t 


d(T"ni'J"ii/Ho 


Filter 


Ttil d Q T'A 


040924 


0.754109 


> 21.20 


B 


SMARTS 




0.754109 


> 20.80 


V 


SMARTS 




0.373410 


21.76 ±0.09 


Rc 


RTT150 




0.390927 


21.96 ±0.10 


Rc 


RTT150 




0.406554 


22.06 ±0.11 


Rc 


RTT150 




0.422177 


21.93 ±0.09 


Rc 


RTT150 




0.439080 


22.05 ±0.10 


Rc 


RTT150 




0.454699 


22.12 ±0.10 


Rc 


RTT150 




0.470325 


22.16 ±0.09 


Rc 


RTT150 




0.485950 


22.03 ±0.08 


Rc 


RTT150 




0.501575 


22.27 ±0.09 


Rc 


RTT150 




0.517200 


22.40 ±0.10 


Rc 


RTT150 




0.532824 


22.35 ±0.10 


Rc 


RTT150 




0.548449 


22.53 ±0.12 


Rc 


RTT150 




0.564073 


22.45 ±0.11 


Rc 


RTT150 




0.579696 


22.26 ±0.10 


Rc 


RTT150 




0.595326 


22.31 ±0.09 


Rc 


RTT150 




0.610963 


22.43 ±0.16 


Rc 


RTT150 




0.754109 


> 21.10 


Rc 


SMARTS 




1.498760 


23.47 ±0.21 


Rc 


RTT150 




2.700000 


23.80 ±0.67 


Rc 


RTT150 




0.754109 


> 20.30 


Ic 


SMARTS 




0.754109 


> 18.30 


J 


SMARTS 




0.754109 


> 17.40 


J 


SMARTS 




0.754109 


> 19.80 


K 


SMARTS 


041006 


0.162080 


19.93 ±0.03 


B 


Maidanak 




0.175120 


20.08 ±0.03 


B 


Maidanak 




1.182500 


> 20.00 


B 


Maidanak 




0.158010 


19.78 ±0.04 


V 


Maidanak 




0.165840 


19.74 ±0.05 


V 


Maidanak 




0.179050 


19.75 ±0.05 


V 


Maidanak 




1.186460 


> 21.00 


V 


Maidanak 




U.14/60U 


iy.2o ± U.UO 


Rc 


Maidanak 




0.151600 


19. 2o ± U.Uo 


Rc 


Maidanak 




0.168990 


ly.iy ± U.Uo 


Rc 


Maidanak 




U.looz4lJ 


ly.oz it U.Uo 


nc 


Maidanak 




0.188080 


T C\ A A _L nil 

ly.44 lb U.ii 


Rc 


Maidanak 




0.297400 


19.80t°J^ 


Rc 


AT-64 




1.178480 


> 21.00 


Rc 


Maidanak 




1.337000 


> 20.40 


Rc 


AT-64 




1.444000 


22.06 ±0.23 


Rc 


TLB 




4.298870 


23.30+027 


Rc 


Maidanak 




6.330470 


> 23.30 


Rc 


Maidanak 




7.276300 


> 23.00 


Rc 


Maidanak 




8.468400 


23.80 ±0.25 


Rc 


RTT150 




12.41340 


24.10 ±0.20 


Rc 


RTT150 




0.154190 


18.89 ±0.07 


Ic 


Maidanak 




0.171910 


19.11 ±0.11 


Ic 


Maidanak 




1.190430 


> 21.00 


Ic 


Maidanak 


050315 


0.496574 


> 21.50 


B 


SMARTS 




0.496574 


> 21.10 


V 


SMARTS 




0.496574 


20.90 ±0.2 


Rc 


SMARTS 




1.491458 


> 21.10 


Rc 


SMARTS 




2.506655 


22.0 ±0.1 


Rc 


SMARTS 




0.496574 


20.70 ± 0.3 


Ic 


SMARTS 




1.491458 


> 20.00 


Ic 


SMARTS 




0.496574 


> 17.40 


J 


SMARTS 




1.491458 


> 17.50 


J 


SMARTS 




2.506655 


> 19.60 


J 


SMARTS 




0.496574 


> 17.40 


H 


SMARTS 




0.496574 


> 16.80 


K 


SMARTS 


050319 


0.331 


21.09 ±0.08 


B 


Maidanak 




0.498 


21.42 ±0.07 


B 


Maidanak 




0.662 


21.81 ±0.16 


B 


NOT 




3.645 


> 22.50 


B 


NOT 




10.36 


> 22.60 


B 


Maidanak 




11.334 


> 22.70 


B 


Maidanak 




4.636 


22.99 ±0.12 


V 


TNG 




0.337 


19.96 ±0.03 


Rc 


Maidanak 




0.379504 


20.09 ± 0.04 


Rc 


RTT150 




0.447 


20.18 ±0.06 


Rc 


Maidanak 




0.646 


20.43 ± 0.05 


Rc 


NOT 




1.482 


20.90 ±0.13 


Rc 


NOT 




1.512 


21.22 ±0.09 


Rc 


Maidanak 




1.615763 


> 21.10 


Rc 


RTT150 
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TABLE 1 — Continued 



GRB 


i-jdVo di Ll^l Lrl Iggjtji I lllltlLrlllit, t 


l\/Iiifyiiii"ii/Ho 


Filter 


' 1 1 o c T\ ^1 




2.353264 


> 21.10 


Rc 


RTT150 




2.478 


21.31 ±0.09 


Rc 


Maidanak 




3.383 


21.77 ±0.13 


Rc 


Maidanak 




3.660 


21.83 ±0.2 


Rc 


NOT 




4.717 


22.38 ±0.12 


Rc 


NOT 




5.636 


22.32 ±0.25 


Rc 


NOT 




7.600 


23.41 ±0.15 


Rc 


NOT 




9.336 


> 20.5 


Rc 


Maidanak 




10.33 


> 23.50 


Rc 


Maidanak 




11.305 


> 23.40 


Rc 


Maidanak 




11.506 


24.30 ± 0.3 


Rc 


TNG 




19.52 


> 24.70 


Rc 


NOT 




0.670 


20.19 ±0.05 


Ic 


NOT 




3.675 


21.61 ±0.11 


Ic 


NOT 




4.685 


21.93 ±0.05 


Ic 


TNG 




6.545 


20.17 ±0.27 


K 


NOT 


050401 


0.683773 


> 22.30 


Ic 


SMARTS 




0.683773 


> 19.90 


J 


SMARTS 


050408 


0.3177 


22.90 ±0.22 


U 


TNG 




0.3224 


22.50 ±0.14 


u 


TNG 




0.3333 


23.06 ±0.05 


B 


TNG 




0.3413 


23.07 ±0.05 


B 


TNG 




0.3457 


22.32 ±0.06 


V 


TNG 




0.3482 


22.37 ±0.06 


V 


TNG 




0.1908 


21.38 ±0.05 


Rc 


TNG 




0.1931 


21.41 ±0.04 


Rc 


TNG 




0.1953 


21.41 ±0.04 


Rc 


TNG 




0.2641 


21.50 ±0.02 


Rc 


TNG 




0.2667 


21.47 ±0.02 


Rc 


TNG 




0.2692 


21.52 ±0.02 


Rc 


TNG 




0.2718 


21.52 ±0.03 


Rc 


TNG 




0.2743 


21.54 ±0.03 


Rc 


TNG 




0.2769 


21.51 ±0.03 


Rc 


TNG 




0.2794 


21.58 ±0.03 


Rc 


TNG 




0.2819 


21.57 ±0.03 


Rc 


TNG 




0.2845 


21.55 ±0.03 


Rc 


TNG 




0.2871 


21.52 ±0.03 


Rc 


TNG 




0.2897 


21.61 ±0.03 


Rc 


TNG 




0.2922 


21.60 ±0.03 


Rc 


TNG 




0.2948 


21.58 ±0.02 


Rc 


TNG 




0.2973 


21.55 ±0.03 


Rc 


TNG 




0.2999 


21.54 ±0.03 


Rc 


TNG 




0.3024 


21.60 ±0.03 


Rc 


TNG 




0.3049 


21.66 ±0.03 


Rc 


TNG 




0.3075 


21.59 ±0.03 


Rc 


TNG 




0.3101 


21.64 ±0.03 


Rc 


TNG 




0.3127 


21.66 ±0.03 


Rc 


TNG 




0.3515 


21.71 ±0.03 


Rc 


TNG 




0.3540 


21.79 ±0.03 


Rc 


TNG 




0.4887 


22.15 ±0.08 


Rc 


TNG 




0.4926 


22.21 ±0.11 


Rc 


TNG 




1.145 


22.55 ±0.35 


Rc 


Maidanak 




1.333 


23.25 ±0.11 


Rc 


TNG 




3.2225 


23.95 ±0.10 


Rc 


TNG 




9.3041 


> 24.19 


Rc 


TNG 




10.4397 


> 23.33 


Rc 


TNG 




0.09038 


> 19.9 


CR 


AT-64 




0.3573 


21.13 ±0.04 


Ic 


TNG 




0.3598 


21.12 ±0.04 


Ic 


TNG 


050416A 


0.219560 


22.93 ±0.17 


B 


Maidanak 




0.239560 


23.29 ±0.24 


B 


Maidanak 




0.190819 


21.84 ±0.10 


Rc 


Maidanak 




0.198459 


21.74 ±0.08 


Rc 


Maidanak 




0.207778 


22.01 ±0.11 


Rc 


Maidanak 




0.257384 


22.09 ±0.08 


Rc 


Maidanak 




0.268833 


22.11 ±0.11 


Rc 


Maidanak 




0.329733 


22.54 ±0.13 


Rc 


Maidanak 




0.341181 


22.33 ±0.10 


Rc 


Maidanak 




0.353243 


22.34 ±0.13 


Rc 


Maidanak 




0.365339 


22.46 ±0.13 


Rc 


Maidanak 




0.377389 


22.95 ±0.21 


Rc 


Maidanak 




1.271000 


> 21.70 


Rc 


Maidanak 




0.705156 


21.90 ±0.1 


Ic 


SMARTS 




13.672101 


22.40 ± 0.3 


Ic 


SMARTS 




0.705156 


> 19.80 


J 


SMARTS 




13.672101 


> 19.60 


J 


SMARTS 
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TABLE 1 — Continued 



GRB 


Days after trigger (midtime) 


Magnitude 


Filter 


Telescope 






n (T^nQ 
u . uouy 


1 c fio -1- 07 


nc 


IAC80 




u . uooo 


1 Q 70 _|_ fl 1 
±0. ( ^ U. XD 


nc 


IAC80 




0.0463 


1 Q 04 _|_ fl no 




IAC80 




0.700 


> 16.52 




A/I 1 n 




1.8347 


9'^ "^1 -1-0 


R^ 


INT 


uouozo/\ 


U. Z 1 DO 


1 Q 7« _|_ n 1 

ly. / D m u. ±0 


-D 


OiVi/\l\l 




U. Zi^ i DO 


inn'^-i-n 11 


V 


oiVi/\rti 




1 017791 


91 1 7 _|_ n OQ 
zi . 1 / m u. zo 


V 


RTTI f^O 
Jxl 1 lOU 






1 Q fin -1- n OQ 










1 c fio _i_ n OS 

±O.DZ ^ U.UO 


R^ 


ATi A 




n 9071 
U. ZU / -L 


1 c 7Q _|_ n OQ 
-Lo. / ^ U.uy 


R^ 


SARA 




21434 


10 7 c; _i_ n 11 

10. 10 ^ U. 11 


R^, 


AT? A 




91 47fiS 

U. Z14: / Do 


1 c 71 _i_ n 07 

10. 1 ± ^ u.u / 


JXC 


OiVl/\l\,l 




991 f^Q 


1 c 70 _i_ n 1 n 
10. ( m u. lu 


nc 


c; A A 




O 99fiQQ 
U.Zzooo 


1 e 77 _i_ n no 

io. ( ( ± U.uy 


nc 


c; A TJ A 




U.ZoDUo 


1 Q 77 _|_ n no 
10. / / m u.uy 




c; A T? A 






1 Q QQ _|_ n 1 n 
10.00 ^ U. lU 


R^ 


SARA 




9'^1 1 Q 


1 Q QQ _|_ n no 
10. oo III u.uy 


J^C 


c; A A 






1 s QA -1- n 1 n 
lo.y^y: m u. lu 


R^ 
nc 


c; A A 




0.26568 


19.00 lb 0.10 


Rr 


SARA 




n 272Q'^ 


1 Q nfi _|_ fl 1 9 




SARA 






1 Q r:i _|_ fl 1 1 
ly.oi ^ u.ii 




SARA 






> 15.90 




UAPhO 




>^1 fiO'^'^ 


> 19.50 


R^ 


AT- 64 




1 Ofl'^ROR 
1 .UUOoUo 


91 7R -u n 1 s 
zi. ( u ^ u. 10 


R^ 


RTT1 f^O 

JTXl 1 lOU 




6.002 


> 24.10 


R^ 


A A 1 /I Ti It 

iVJ.aiL(J.ciliaijS. 




21 47fi8 


1 04 _(_ n ny 

-LO.tJrt _1_ U.iJ 1 




SMARTS 






> 21.4 




SMARTS 




91 47(S^^ 
U. Z ±4l ( uo 


I 7 9Q _|_ f) no 

I I .^0 ^ u.uy 


J 


SMARTS 

OLVirtlXl 




n 91 A7fkR 

U.Zl^ i Do 


1 c t;7 _|_ n TO 
ID.O 1 ^ U. 10 




SA/T ARTS 




0.214768 


15.62 lb 0.16 


K 


SMARTS 




Qfi'^OJ^ 
u. yuouo 


> 23.03 




RTTl ^lO 

±\,-L -L -LOU 




U. yUD -LO 


> 22.91 


y 


RTTl 'ifl 

±\,1 1 -LOU 




11 IJ^Qi^Qi^ 


> 21.2 


y 


SMARTS 

OLVirtlXl 




u. yoooo 


91 70 -1- 1 7 
^ 1 . / u ^ u. 1 1 


R^ 


RTTl '^O 

±\i-L -L ±OU 




Q71 "^S 
u. y 1 -LOO 


90 47 _|_ n ne; 

ZU.^l ^ U.UO 




RTTl '^O 

±\,-L -L ±OU 




U. ± ±OUD 1 


> 16.60 




SMARTS 

OLVirtlXl 




1 1 f\^^7Q 


> 22.10 




SMARTS 

OLVirtlXl 






> 20.80 




SMARTS 

OLVlrtlXl 




10 1 fk^^JQ 


^ 1 Q QO 
^ ly.yu 


T 


SA/T ARTS 




11 ISQ'^Q'^ 


> 18.90 


J 


SMARTS 

OLVirtlXl 




X ± . ioyoyo 


> 17.20 




SMARTS 

OLViiT.lXl 


UOUOUl 


n 997/1 9fi 
U. ZZ i 'iZD 


91 Ofi -U fl Of^ 
Zi.yD it U.UO 


R 

_D 


ni 




n 9Q1 ni 
U.zoiUlo 


91 1 7 _i_ n Of^ 
zi.i ( it U.UO 




CA/T A RTc; 




0.242648 


21.19 lb 0.07 


y 


D1.54 




9'^01 "^7 


91 9fi _|_ fl ncr 

^l.^U ^ U.UO 


y 


D1.54 




21 Q7fiS 


Of) 77 _|_ fl ncr 




D1.54 




D. ^o^yu4: 


90 Qc: _|_ fl 04 
^u.oo ^ u.u^ 


R^ 


D1.54 




1 242n'?0 


OQ ofi -h n 1 2 




D1.54 






> 23.70 




D1.54 




U. ZO-LU-LO 


90 -1- 0'^ 
ZU.OU ^ U.UO 




SMARTS 

OLVli^lXl 




971 1 '^'^ 


> 21.1 




SMARTS 

OLVirtlXl 




U. ZO-LU-LO 


1 Q 07 _|_ 
10.0 1 ^ U.IO 


J 


SMARTS 

OLV1JT.1X1 




'\ 971 1 "^"^ 

1 -L ± OO 


> 18.8 


J 


SMARTS 

OLViJT.lXl 






1 7 Qfi _|_ 27 

-L 1 . •jyj _i_ w . 1 




SMARTS 




T 271 1 ■^'^ 

O. i( 1 -L ±00 


> 17.0 




SMARTS 


uououz 


"^fiQO 
U.ODyU 


91 Qfi _|_ n OS 
Zl.oD It U.UO 


ID 


Shcijn 




n '^SA7 

u.oO'yi 1 


91 zlf^ -1- fl OS 
Zl.^O It U.UO 


D 


Shajn 




u.oyoD 


91 fifi _|_ n OS 

Zl ,DD ^ U.UO 




Shcij n 




n An77 


91 fin _|_ n OS 

Zl.DU It U.UO 


D 


Shcijn 




n A9RR 

u.^zoo 


91 fiQ _|_ n OS 

Zl .DO ^ U.UO 




Shcijn 




u.^iyo 


91 _|_ n 1 9 

Zl.Ol ^ U.IZ 




nSNT 




u.^yy 


91 f^fi -u n 1 A 

Zl .OD ^ U. 1^ 




nSNT 

WOIN 




U. OUD 


91 79 -U n 0^1 
Zl . / Z ^ U.UO 




TNG 




1.519 


23.37 lb 0.53 


B 


NOT 




2.495461 


> 23.30 


B 


Shajn 




0.3606 


20.94 lb 0.08 


V 


Shajn 




0.3652 


20.93 lb 0.08 


V 


Shajn 




0.3702 


21.01 ±0.08 


V 


Shajn 




0.3753 


21.14 lb 0.08 


V 


Shajn 




0.4011 


21.10 lb 0.06 


V 


Shajn 




0.4087 


21.21 ±0.06 


V 


Shajn 




0.4191 


21.06 ±0.06 


V 


Shajn 




0.4259 


21.32 ±0.06 


V 


Shajn 




0.4355 


21.20 ±0.06 


V 


Shajn 




0.478 


21.30 ±0.14 


V 


OSN 
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TABLE 1 — Continued 



GRB 


i-jdVo di Ll^l Lrl Iggjtji I lllltlLrlllit, t 


l\/Ii^fviiii"ii/Hr^ 


Filter 


' 1 'ol oo/^riT^/^ 

_L tj i U t) <^ U JJ c 




0.483 


21.35 ±0.17 


V 


OSN 




0.501 


21.55 ±0.09 


V 


TNG 




1.484 


22.98 ±0.11 


V 


TNG 




2.3648 


23.24 ±0.18 


V 


Shajn 




0.23764 


20.06 ±0.15 


Rc 


Maidanak 




0.24139 


20.22 ±0.13 


Rc 


Maidanak 




0.24709 


20.14 ±0.10 


Rc 


Maidanak 




0.25079 


20.18 ±0.09 


Rc 


Maidanak 




0.25543 


20.35 ±0.11 


Rc 


Maidanak 




0.25912 


20.29 ±0.10 


Rc 


Maidanak 




0.26331 


20.26 ±0.10 


Rc 


Maidanak 




0.26712 


20.29 ±0.10 


Rc 


Maidanak 




0.27336 


20.40 ±0.11 


Rc 


Maidanak 




0.27855 


20.40 ±0.11 


Rc 


Maidanak 




0.28256 


20.51 ±0.12 


Rc 


Maidanak 




0.28735 


20.40 ±0.11 


Rc 


Maidanak 




0.29116 


20.49 ±0.12 


Rc 


Maidanak 




0.3618 


20.76 ±0.10 


Rc 


Shajn 




0.3663 


20.61 ±0.10 


Rc 


Shajn 




0.3713 


20.58 ±0.10 


Rc 


Shajn 




0.3763 


20.58 ±0.10 


Rc 


Shajn 




0.4029 


20.91 ±0.08 


Rc 


Shajn 




0.4105 


20.64 ±0.08 


Rc 


Shajn 




0.4128 


20.71 ±0.08 


Rc 


Shajn 




0.4205 


20.80 ±0.08 


Rc 


Shajn 




0.4275 


20.81 ±0.08 


Rc 


Shajn 




0.4373 


20.87 ±0.08 


Rc 


Shajn 




0.467 


20.98 ±0.15 


Rc 


NOT 




0.498 


21.12 ±0.07 


Rc 


TNG 




0.559 


21.12 ±0.16 


Rc 


NOT 




1.275671 


22.50 ±0.19 


Rc 


Maidanak 




1.529 


22.64 ±0.22 


Rc 


NOT 




2.244421 


> 23.10 


Rc 


Maidanak 




2.4188 


> 23.0 


Rc 


Shajn 




2.462 


23.15 ±0.22 


Rc 


NOT 




2.547 


23.19 ±0.27 


Rc 


Shajn 




3.247893 


> 23.10 


Rc 


Maidanak 




212.729 


25.51 ±0.46 


Rc 


NOT 




0.3628 


20.20 ±0.13 


Ic 


Shajn 




0.3674 


20.36 ±0.13 


Ic 


Shajn 




0.3731 


20.33 ±0.13 


Ic 


Shajn 




0.3772 


19.95 ±0.13 


Ic 


Shajn 




0.4052 


20.33 ±0.10 


Ic 


Shajn 




0.4222 


20.35 ±0.10 


Ic 


Shajn 




0.4291 


20.55 ±0.10 


Ic 


Shajn 




0.4314 


20.56 ±0.10 


Ic 


Shajn 




0.4394 


20.55 ±0.10 


Ic 


Shajn 




0.487 


20.75 ±0.19 


Ic 


OSN 




0.491 


20.70 ±0.20 


Ic 


OSN 




0.493 


20.56 ±0.13 


Ic 


TNG 




1.526 


22.13 ±0.19 


Ic 


TNG 




1.544 


22.38 ±0.30 


Ic 


NOT 




2.4058 


22.87 ±0.32 


Ic 


Shajn 


050820A 


1.705417 


21.00 ±0.06 


B 


RTT150 




2.682917 


22.24 ±0.06 


B 


RTT150 




3.64875 


22.57 ±0.08 


B 


RTT150 




0.49479 


> 15.30 


Rc 


UAPhO 




0.49733 


18.78 ±0.14 


Rc 


Maidanak 




0.56417 


19.11 ±0.23 


Rc 


Maidanak 




0.6349 


19.44 ±0.10 


Rc 


Maidanak 




0.64389 


19.38 ±0.14 


Rc 


Maidanak 




0.65423 


19.19 ±0.12 


Rc 


Maidanak 




0.66078 


19.46 ±0.12 


Rc 


Maidanak 




0.66841 


19.33 ±0.13 


Rc 


Maidanak 




0.752083 


19.48 ±0.01 


Rc 


RTT150 




1.58598 


20.41 ±0.35 


Rc 


Maidanak 




1.725833 


20.38 ±0.05 


Rc 


RTT150 




2.55723 


20.96 ±0.38 


Rc 


Maidanak 




2.684583 


21.02 ±0.03 


Rc 


RTT150 




3.655 


21.30 ±0.04 


Rc 


RTT150 




4.56812 


21.12 ±0.14 


Rc 


Maidanak 




5.53013 


21.24 ±0.20 


Rc 


Maidanak 




7.677083 


22.14 ±0.10 


Rc 


RTT150 




13.5247 


> 23.00 


Rc 


Shajn 




1.73125 


19.83 ±0.07 


Ic 


RTT150 




2.68875 


20.46 ± 0.05 


Ic 


RTT150 




3.659167 


20.87 ±0.09 


Ic 


RTT150 
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A/T n crn 1 "t" 1 1 ri o 


Filter 


_Ls_.ll_,i!!)V^l_Jj_/L, 


0.070425 


16.01 ±0.10 


J 


WIRO 


0.081250 


16.39 ±0.02 


J 


UKIRT 


0.087207 


16.30 ±0.10 


J 


WIRO 


0.093731 


16.50 ±0.11 


J 


WIRO 


0.105986 


17.04 ±0.12 


J 


WIRO 


0.118947 


16.62 ±0.10 


J 


WIRO 


0.126404 


16.67 ±0.10 


J 


WIRO 


0.137795 


16.69 ±0.10 


J 


WIRO 


0.153087 


16.74 ±0.10 


J 


WIRO 


0.164213 


16.87 ±0.10 


J 


WIRO 


0.174285 


16.94 ±0.10 


J 


WIRO 


0.186502 


16.76 ±0.10 


J 


WIRO 


0.198318 


16.74 ±0.10 


J 


WIRO 


0.207129 


16.66 ±0.10 


J 


WIRO 


0.923065 


18.48 ±0.08 


J 


TNG 


2.052929 


18.68 ±0.10 


J 


WIRO 


2.304583 


19.55 ±0.16 


J 


UKIRT 


0.083750 


15.88 ±0.02 


H 


UKIRT 


0.938955 


17.71 ±0.05 


H 


TNG 


2.300000 


19.25 ±0.17 


H 


UKIRT 


0.085833 


15.33 ±0.06 


K 


UKIRT 


0.119583 


15.51 ±0.02 


K 


UKIRT 


0.255833 


16.26 ±0.02 


K 


UKIRT 


0.818750 


17.03 ±0.06 


K 


UKIRT 


0.950885 


16.97 ±0.21 


K 


TNG 


1.187500 


17.45 ±0.05 


K 


UKIRT 


2.289167 


18.18 ±0.09 


K 


UKIRT 


3.805000 


19.32 ±0.18 


K 


UKIRT 


050908 0.669086 


21.88 ±0.25 


Rc 


Maidanak 


050922C 0.0864 


18.66 ±0.02 


B 


NOT 


0.0958 


18.75 ±0.02 


B 


NOT 


0.3348 


20.48 ± 0.02 


B 


MDM 


0.3527 


20.53 ±0.05 


B 


D1.54 


0.3542 


20.50 ±0.03 


B 


MDM 


0.4340 


20.90 ± 0.04 


B 


MDM 


0.4722 


20.92 ± 0.04 


B 


MDM 


1.1802 


22.34 ±0.05 


B 


VLT 


1.3148 


22.50 ±0.07 


B 


MDM 


2.3118 


23.35 ±0.15 


B 


MDM 


2.3596 


23.14 ±0.12 


B 


MDM 


1.1713 


22.00 ±0.02 


V 


VLT 


0.0086180 


15.98 ±0.04 


Rc 


Terskol06 


0.0093124 


16.05 ±0.05 


Rc 


Terskol06 


0.0100184 


16.08 ±0.05 


Rc 


TerskolOe 


0.0107129 


16.12 ±0.05 


Rc 


Terskol06 


0.0114073 


16.11 ±0.06 


Rc 


Terskol06 


0.0121018 


16.22 ±0.05 


Rc 


Terskol06 


0.0127962 


16.26 ±0.05 


Rc 


Terskol06 


0.0134907 


16.23 ±0.06 


Rc 


Terskol06 


0.0141851 


16.36 ±0.07 


Rc 


Terskol06 


0.0148796 


16.43 ±0.07 


Rc 


Terskol06 


0.0155740 


16.35 ±0.06 


Rc 


Terskol06 


0.0169629 


16.44 ±0.07 


Rc 


Terskol06 


0.0176573 


16.39 ±0.06 


Rc 


Terskol06 


0.0183518 


16.46 ±0.07 


Rc 


Terskol06 


0.0190462 


16.29 ±0.15 


Rc 


Terskol06 


0.0197407 


16.52 ±0.08 


Rc 


Terskol06 


0.0204351 


16.48 ±0.07 


Rc 


Terskol06 


0.0211296 


16.52 ±0.07 


Rc 


Terskol06 


0.0218356 


16.51 ±0.08 


Rc 


Terskol06 


0.0225300 


16.62 ±0.08 


Rc 


Terskol06 


0.0232245 


16.66 ±0.08 


Rc 


Terskol06 


0.0239189 


16.62 ±0.09 


Rc 


Terskol06 


0.0246134 


16.65 ±0.08 


Rc 


Terskol06 


0.0253078 


16.67 ±0.09 


Rc 


Terskol06 


0.0280856 


16.75 ±0.11 


Rc 


Terskol06 


0.0287800 


16.86 ±0.10 


Rc 


Terskol06 


0.0294745 


16.94 ±0.11 


Rc 


Terskol06 


0.0301689 


16.88 ±0.09 


Rc 


Terskol06 


0.0308634 


16.75 ±0.08 


Rc 


Terskol06 


0.0315578 


16.95 ±0.13 


Rc 


Terskol06 


0.0322522 


17.08 ±0.13 


Rc 


Terskol06 


0.0329467 


16.90 ±0.11 


Rc 


Terskol06 


0.0336527 


16.99 ±0.13 


Rc 


Terskol06 


0.0343472 


16.89 ±0.12 


Rc 


Terskol06 


0.0350416 


16.87 ±0.10 


Rc 


Terskol06 
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A/T n crn 1 "t" 1 1 ri o 


Filter 




0.0357360 


16.87 ±0.10 


Rc 


TerskolOe 


0.0364305 


17.07 ±0.12 


Rc 


TerskolOe 


0.0371249 


16.98 ±0.11 


Rc 


TerskolOe 


0.0378194 


17.26 ±0.17 


Rc 


TerskolOe 


0.0380 


17.08 ±0.02 


Rc 


NOT 


0.0385138 


17.10 ±0.13 


Rc 


TerskolOe 


0.0392083 


17.05 ±0.13 


Rc 


TerskolOe 


0.0399027 


16.98 ±0.11 


Rc 


TerskolOe 


0.0405972 


17.03 ±0.11 


Rc 


TerskolOe 


0.0412916 


16.97 ±0.12 


Rc 


TerskolOe 


0.0419860 


17.31 ±0.15 


Rc 


TerskolOe 


0.0426805 


17.05 ±0.13 


Rc 


TerskolOe 


0.0433749 


17.11 ±0.12 


Rc 


TerskolOe 


0.0440694 


17.21 ±0.14 


Rc 


TerskolOe 


0.0447754 


17.06 ±0.13 


Rc 


TerskolOe 


0.0454698 


17.19 ±0.14 


Rc 


TerskolOe 


0.0461643 


17.32 ±0.16 


Rc 


TerskolOe 


0.0468587 


17.03 ±0.11 


Rc 


TerskolOe 


0.0475532 


17.19 ±0.12 


Rc 


TerskolOe 


0.0482476 


17.09 ±0.13 


Rc 


TerskolOe 


0.0489421 


17.22 ±0.16 


Rc 


TerskolOe 


0.0496365 


17.36 ±0.16 


Rc 


TerskolOe 


0.0503310 


17.45 ±0.17 


Rc 


TerskolOe 


0.0510254 


17.00 ±0.11 


Rc 


TerskolOe 


0.0517198 


17.40 ±0.19 


Rc 


TerskolOe 


0.0524143 


17.33 ±0.20 


Rc 


TerskolOe 


0.0531087 


17.33 ±0.17 


Rc 


TerskolOe 


0.0538032 


17.22 ±0.13 


Rc 


TerskolOe 


0.0544976 


17.43 ±0.19 


Rc 


TerskolOe 


0.0551921 


17.62 ±0.22 


Rc 


TerskolOe 


0.0558981 


17.61 ±0.25 


Rc 


TerskolOe 


0.0565925 


17.29 ±0.19 


Rc 


TerskolOe 


0.0572870 


17.80 ±0.27 


Rc 


TerskolOe 


0.0579814 


17.69 ±0.23 


Rc 


TerskolOe 


0.0586759 


17.68 ±0.24 


Rc 


TerskolOe 


0.0593703 


17.51 ±0.19 


Rc 


TerskolOe 


0.0600647 


17.78 ±0.31 


Rc 


TerskolOe 


0.0607592 


17.43 ±0.19 


Rc 


TerskolOe 


0.0614536 


17.45 ±0.22 


Rc 


TerskolOe 


0.0621481 


17.73 ±0.27 


Rc 


TerskolOe 


0.0628425 


17.27 ±0.17 


Rc 


TerskolOe 


0.0635370 


17.13 ±0.24 


Rc 


TerskolOe 


0.0642314 


17.55 ±0.22 


Rc 


TerskolOe 


0.0649259 


17.67 ±0.31 


Rc 


TerskolOe 


0.0656203 


17.50 ±0.28 


Rc 


TerskolOe 


0.0663147 


17.30 ±0.25 


Rc 


TerskolOe 


0.0677152 


17.56 ±0.67 


Rc 


TerskolOe 


0.0684097 


17.57 ±0.29 


Rc 


TerskolOe 


0.0691041 


17.72 ±0.56 


Rc 


TerskolOe 


0.0697985 


17.80 ±0.53 


Rc 


TerskolOe 


0.3212 


19.63 ±0.03 


Rc 


MDM 


0.3425 


19.66 ±0.03 


Rc 


MDM 


0.3631 


19.80 ±0.06 


Rc 


D1.54 


0.3784 


19.80 ±0.06 


Rc 


D1.54 


0.3931 


19.85 ±0.06 


Rc 


D1.54 


0.4001 


19.92 ±0.06 


Rc 


D1.54 


0.4184 


19.88 ±0.03 


Rc 


MDM 


0.4495 


19.98 ±0.03 


Rc 


MDM 


1.0146 


21.22 ±0.04 


Rc 


NOT 


1.0319 


21.20 ±0.05 


Rc 


INT 


1.1753 


21.57 ±0.05 


Rc 


VLT 


1.1915 


21.52 ±0.05 


Rc 


NOT 


1.3392 


21.67 ±0.06 


Rc 


MDM 


2.0392 


22.28 ±0.08 


Rc 


INT 


2.2915 


22.54 ±0.29 


Rc 


MDM 


2.3379 


22.74 ±0.11 


Rc 


MDM 


3.0405 


22.97 ±0.13 


Rc 


INT 


4.0328 


23.56 ±0.08 


Rc 


NOT 


7.0140 


24.54 ±0.14 


Rc 


WHT 


0.0909 


17.40 ±0.02 


Ic 


NOT 


0.1004 


17.50 ±0.02 


Ic 


NOT 


0.3668 


19.27 ±0.04 


Ic 


D1.54 


1.0350 


20.74 ±0.05 


Ic 


INT 


1.1746 


21.05 ±0.04 


Ic 


NOT 


051109A 0.6463 


20.70 ±0.2 


Rc 


K-380 


051111 0.5245 


> 19.00 


B 


Maidanak 
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GRB 


D&ys 3,ftcr trigger (^midtrimc) 


cig 11 i t ud G 


Filter 


Telescope 




0.04873 


17.81 ±0.18 


Rc 


SARA 




0.05334 


17.72 ±0.17 


Rc 


SARA 




0.05796 


17.94 ±0.23 


Rc 


SARA 




0.5139 


19.78 ±0.14 


Rc 


Maidanak 




5.42038 


> 20.50 


Rc 


Maidanak 


060206 


0.11591 


17.13 ±0.03 


Rc 


9ARA 




0.12300 


17.16 ±0.03 


Rc 


SARA 




0.13006 


17.32 ±0.04 


Rc 


SARA 




0.13713 


17.38 ±0.05 


Rc 


SARA 




0.14420 


17.38 ±0.06 


Rc 


SARA 




0.15127 


17.50 ±0.08 


Rc 


SARA 




0.15835 


17.39 ±0.08 


Rc 


SARA 




0.16543 


17.39 ±0.05 


Rc 


SARA 




0.17250 


17.46 ±0.04 


Rc 


SARA 




0.17957 


17.50 ±0.05 


Rc 


SARA 




0.18664 


17.62 ±0.05 


Rc 


SARA 




0.19372 


17.62 ±0.05 


Rc 


SARA 




0.21785 


17.70 ±0.06 


Rc 


SARA 




0.24759 


17.88 ±0.06 


Rc 


SARA 




0.25466 


17.87 ±0.06 


Rc 


SARA 




0.26175 


18.00 ±0.06 


Rc 


SARA 




0.27235 


18.01 ±0.07 


Rc 


SARA 




0.28295 


18.01 ±0.07 


Rc 


SARA 




0.29355 


18.18 ±0.08 


Rc 


SARA 




0.30417 


18.29 ±0.09 


Rc 


SARA 




1.782459 


20.80 ±0.08 


Rc 


Maidanak 




1.793243 


20.65 ±0.05 


Rc 


Maidanak 




1.804627 


20.75 ±0.05 


Rc 


Maidanak 




1.819764 


20.81 ±0.05 


Rc 


Maidanak 


060418 


0.053808 


18.88 ±0.04 


B 


SMARTS 




0.102083 


19.77 ±0.05 


B 


SMARTS 




0.728000 


22.38 ±0.10 


B 


Maidanak 




0.053808 


18.03 ±0.03 


V 


SMARTS 




0.102083 


19.19 ±0.05 


V 


SMARTS 




0.145393 


19.49 ±0.02 


V 


SMARTS 




0.192986 


20.01 ±0.04 


V 


SMARTS 




0.247211 


20.61 ±0.10 


V 


SMARTS 




0.053808 


17.63 ±0.02 


Rc 


SMARTS 




0.102083 


18.51 ±0.03 


Rc 


SMARTS 




0.724000 


21.14 ±0.05 


Rc 


Maidanak 




0.053808 


16.97 ±0.02 


Ic 


SMARTS 




0.102083 


17.83 ±0.03 


Ic 


SMARTS 




0.145393 


18.37 ±0.02 


Ic 


SMARTS 




0.192986 


18.84 ±0.03 


Ic 


SMARTS 




0.247211 


19.37 ±0.06 


Ic 


SMARTS 




0.726000 


20.66 ±0.03 


Ic 


Maidanak 




0.805000 


20.35 ±0.02 


Ic 


Maidanak 




1.040498 


20.97 ±0.10 


Ic 


SMARTS 




0.053808 


15.75 ±0.06 


J 


SMARTS 




0.102083 


16.65 ±0.07 


J 


SMARTS 




0.145393 


17.10 ±0.05 


J 


SMARTS 




0.192986 


17.63 ±0.07 


J 


SMARTS 




0.247211 


18.22 ±0.10 


J 


SMARTS 




1.040498 


19.65 ±0.17 


J 


SMARTS 




0.053808 


14.90 ±0.06 


H 


SMARTS 




0.102083 


15.92 ±0.07 


H 


SMARTS 




0.053808 


14.17 ±0.08 


K 


SMARTS 




0.102083 


15.02 ±0.09 


K 


SMARTS 




0.145393 


15.51 ±0.08 


K 


SMARTS 




0.192986 


15.84 ±0.08 


K 


SMARTS 




0.247211 


16.16 ±0.09 


K 


SMARTS 


060512 


0.148588 


18.90 ±0.09 


J 


NOT 




0.160289 


18.96 ±0.09 


J 


NOT 




0.171794 


19.09 ±0.10 


J 


NOT 




0.183275 


19.14 ±0.11 


J 


NOT 


060607A 


0.170521 


20.63 ± 0.1 


B 


SMART9 




3.194479 


> 21.2 


B 


SMARTS 




0.170521 


19.81 ±0.08 


V 


SMARTS 




3.194479 


> 20.8 


V 


SMARTS 




0.170521 


19.46 ±0.07 


Rc 


SMARTS 




3.194479 


> 20.9 


Rc 


SMARTS 




0.170521 


19.04 ± 0.07 


Ic 


SMARTS 




3.194479 


> 20.6 


Ic 


SMARTS 




0.170521 


18.2 ±0.3 


J 


SMARTS 




3.194479 


> 17.7 


J 


SMARTS 




0.170521 


17.7 ±0.2 


H 


SMARTS 
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GRB 


Days a,ftcr trigger (rnidtimG) 


M cig 11 i t ud G 


Filter 


Telescope 




3.194479 


> 17.5 


H 


SMARTS 




0.170521 


16.6 ±0.2 


K 


SMARTS 




3.194479 


> 17.2 


K 


SMARTS 


060714 


0.420972 


20.70 ±0.16 


Ic 


SMARTy 




0.420972 


19.71 ±0.14 


J 


SMARTS 


060729 


4.621215 


19.99 ±0.06 


Ic 


SMARTS 




13.623878 


> 21.0 


Ic 


SMARTS 




4.621215 


> 18.90 


J 


SMARTS 




13.623878 


> 19.30 


J 


SMARTS 


060904B 


0.014985 


18.68 ±0.42 


B 


RTT150 




0.017565 


18.81 ±0.25 


B 


RTT150 




0.014464 


17.98 ±0.21 


V 


RTT150 




0.015494 


18.76 ±0.50 


V 


RTT150 




0.164653 


20.01 ±0.07 


V 


SMARTS 




0.248148 


20.55 ±0.06 


V 


SMARTS 




4.210961 


> 22.10 


V 


SMARTS 




0.005994 


16.79 ±0.15 


Rc 


RTT150 




0.006803 


16.90 ±0.03 


Rc 


RTT150 




0.007602 


17.03 ±0.03 


Rc 


RTT150 




0.008413 


17.08 ±0.04 


Rc 


RTT150 




0.009223 


17.25 ±0.05 


Rc 


RTT150 




0.010033 


17.34 ± 0.06 


Rc 


RTT150 




0.010831 


17.47 ±0.09 


Rc 


RTT150 




0.011642 


17.57 ±0.09 


Rc 


RTT150 




0.012440 


17.66 ±0.11 


Rc 


RTT150 




0.013378 


17.63 ±0.13 


Rc 


RTT150 




0.016015 


18.12 ±0.33 


Rc 


RTT150 




0.894104 


21.63 ±0.18 


Rc 


Maidanak 




1.888104 


22.40 ±0.30 


Rc 


Maidanak 




0.164653 


18.82 ±0.05 


Ic 


SMARTS 




0.248148 


19.45 ±0.05 


Ic 


SMARTS 




4.210961 


> 21.70 


Ic 


SMARTS 




0.164653 


17.83 ± 0.09 


J 


SMARTS 




0.248148 


18.11 ±0.06 


J 


SMARTS 




4.210961 


> 19.60 


J 


SMARTS 




0.164653 


15.90 ±0.07 


K 


SMARTS 




0.248148 


16.35 ±0.05 


K 


SMARTS 




4.210961 


> 17.90 


K 


SMARTS 


060908 


0.503829 


21.40 ±0.8 


Rc 


'l'erskol2 




0.555000 


> 20.60 


Rc 


Maidanak 




0.849930 


> 20.40 


Ic 


Maidanak 




0.117685 


18.28 ±0.07 


K 


UKIRT 


060927 


0.160856 


> 21.5 


Rc 


AZT-11 


061007 


0.874607 


22.37 ±0.27 


V 


SMARTS 




0.874607 


21.95 ±0.19 


Rc 


SMARTS 




0.874607 


21.53 ±0.19 


Ic 


SMARTS 




4.770683 


> 21.90 


Ic 


SMARTS 




0.874607 


20.00 ±0.17 


J 


SMARTS 




4.770683 


> 19.20 


J 


SMARTS 




0.874607 


19.03 ±0.08 


H 


SMARTS 




0.874607 


18.37 ±0.26 


K 


SMARTS 


061121 


0.642592 


> 20.0 


V 


SMARTS 




2.694711 


22.4 ±0.2 


V 


SMARTS 




0.487973 


19.97 ±0.26 


Rc 


Shajn 




1.463343 


21.50 ±0.05 


Rc 


Shajn 




1.492244 


21.60 ±0.06 


Rc 


Shajn 




2.441402 


22.13 ±0.07 


Rc 


Shajn 




0.642592 


> 19.8 


Ic 


SMARTS 




0.674340 


20.15 ±0.08 


Ic 


SMARTS 




2.694711 


22.0 ±0.2 


Ic 


SMARTS 




0.674340 


> 19.0 


J 


SMARTS 




2.694711 


> 19.6 


J 


SMARTS 




2.694711 


> 17.9 


K 


SMARTS 


070125 


1.883345 


20.77 ±0.15 


B 


SMARTS 




1.883345 


20.21 ±0.09 


V 


SMARTS 




1.883345 


19.61 ±0.06 


Rc 


SMARTS 




1.883345 


19.00 ±0.06 


Ic 


SMARTS 




2.879178 


19.80 ±0.07 


Ic 


SMARTS 




7.880382 


> 19.70 


Ic 


SMARTS 




1.883345 


18.07 ±0.16 


J 


SMARTS 




2.879178 


18.95 ±0.21 


J 


SMARTS 




7.880382 


> 19.10 


J 


SMARTS 




1.883345 


17.44 ± 0.09 


H 


SMARTS 




1.883345 


17.03 ±0.19 


K 


SMARTS 


070208 


0.403070 


21.70 ±0.3 


Rc 


Sayan 


070419A 


0.025584 


> 17.80 


Rc 


SARA 
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GRB 


Days a,ftcr trigger (rnidtimG) 


M cigii i t udc 


Filter 


Telescope 




0.048696 


20.80 ±0.71 


Rc 


SARA 




0.234000 


> 19.8 


Rc 


Sayan 


071020 


0.702722 


> 20.11 


B 


Z-600 




0.728000 


> 21.30 


B 


AZT-8 




0.058742 


19.92 ±0.07 


Rc 


SARA 




0.702511 


> 20.70 


Rc 


Z-600 




0.730000 


20.10 ±0.30 


Ic 


AZT-8 


071031 


0.027465 


19.59 ±0.08 


B 


SMARTS 




0.027465 


18.77 ±0.07 


V 


SMARTS 




0.076574 


19.50 ±0.03 


V 


SMARTS 




0.127662 


20.12 ±0.03 


V 


SMARTS 




0.170810 


20.19 ±0.03 


V 


SMARTS 




0.210787 


20.36 ± 0.04 


V 


SMARTS 




0.254305 


20.50 ±0.11 


V 


SMARTS 




0.027465 


18.43 ±0.05 


Rc 


SMARTS 




0.027465 


17.91 ±0.06 


Ic 


SMARTS 




0.076574 


18.75 ±0.04 


Ic 


SMARTS 




0.127662 


19.17 ±0.04 


Ic 


SMARTS 




0.170810 


19.47 ±0.04 


Ic 


SMARTS 




0.210787 


19.72 ±0.04 


Ic 


SMARTS 




0.254305 


20.14 ±0.08 


Ic 


SMARTS 




2.162697 


> 22.0 


Ic 


SMARTS 




0.027465 


17.15 ± 0.2 


J 


SMARTS 




0.076574 


18.35 ± 0.2 


J 


SMARTS 




0.127662 


18.35 ± 0.2 


J 


SMARTS 




0.170810 


18.55 ±0.2 


J 


SMARTS 




0.210787 


> 18.7 


J 


SMARTS 




0.254305 


> 18.1 


J 


SMARTS 




2.162697 


> 19.0 


J 


SMARTS 




0.027465 


> 16.0 


H 


SMARTS 




0.027465 


15.4 ±0.2 


K 


SMARTS 




0.076574 


16.8 ±0.2 


K 


SMARTS 




0.127662 


> 17.1 


K 


SMARTS 




0.170810 


> 17.0 


K 


SMARTS 




0.210787 


> 17.3 


K 


SMARTS 




0.254305 


> 16.9 


K 


SMARTS 


080129 


0.969468 


> 21.90 


Ic 


SMARTS 




0.969468 


> 19.70 


J 


SMARTS 


080210 


0.602300 


21.7 ±0.5 


Rc 


Sayan 


080310 


0.024838 


18.09 ±0.07 


B 


SMARTS 




0.024838 


17.61 ±0.07 


V 


SMARTS 




0.024838 


17.19 ±0.06 


Rc 


SMARTS 




0.865104 


> 21.20 


Rc 


SMARTS 




0.017836 


16.57 ±0.05 


Ic 


SMARTS 




0.020868 


16.65 ±0.05 


Ic 


SMARTS 




0.024838 


16.74 ±0.05 


Ic 


SMARTS 




0.028970 


16.85 ±0.05 


Ic 


SMARTS 




0.031852 


16.94 ± 0.05 


Ic 


SMARTS 




0.865104 


> 20.70 


Ic 


SMARTS 




0.998738 


20.98 ±0.11 


Ic 


SMARTS 




1.885243 


21.20 ±0.11 


Ic 


SMARTS 




2.846551 


> 22.20 


Ic 


SMARTS 




0.024838 


15.85 ±0.07 


J 


SMARTS 




0.865104 


> 17.9 


J 


SMARTS 




0.998738 


> 19.8 


J 


SMARTS 




1.885243 


> 19.9 


J 


SMARTS 




2.846551 


> 20.0 


J 


SMARTS 




0.024838 


15.08 ±0.06 


H 


SMARTS 




0.865104 


> 17.30 


H 


SMARTS 




0.024838 


14.37 ±0.06 


K 


SMARTS 




0.865104 


> 17.10 


K 


SMARTS 


080330 


0.025150 


18.27 ±0.04 


B 


SMARTS 




0.025150 


17.90 ±0.04 


V 


SMARTS 




0.025150 


17.59 ±0.04 


Rc 


SMARTS 




0.575000 


21.05 ±0.10 


Rc 


Terskol2 




0.654000 


21.28 ±0.10 


Rc 


Terskol2 




4.634803 


> 23.30 


Rc 


Terskol2 




0.017732 


16.89 ±0.03 


Ic 


SMARTS 




0.022118 


16.99 ±0.03 


Ic 


SMARTS 




0.025150 


17.09 ±0.03 


Ic 


SMARTS 




0.030104 


17.22 ±0.03 


Ic 


SMARTS 




0.032581 


17.34 ±0.04 


Ic 


SMARTS 




0.997442 


21.65 ±0.09 


Ic 


SMARTS 




2.009155 


> 22.20 


Ic 


SMARTS 




0.025150 


16.36 ±0.07 


J 


SMARTS 




0.997442 


> 20.10 


J 


SMARTS 
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GRB 


D&ys Siftcr trigger ^midtrimG) 


cig 11 i t ud G 


Filter 


Telescope 




2.009155 


> 19.90 


J 


SMARTS 




0.025150 


15.76 ±0.07 


H 


SMARTS 




0.025150 


15.14 ±0.07 


K 


SMARTS 


080413A 


0.130498 


20.88 ± 0.1 


B 


9MART9 




0.174676 


21.21 ±0.08 


B 


SMARTS 




0.212257 


21.75 ± 0.1 


B 


SMARTS 




1.166887 


> 21.50 


B 


SMARTS 




0.130498 


19.95 ±0.11 


V 


SMARTS 




0.174676 


20.22 ±0.08 


V 


SMARTS 




0.212257 


20.58 ±0.09 


V 


SMARTS 




1.166887 


> 20.80 


V 


SMARTS 




0.130498 


19.25 ±0.05 


Rc 


SMARTS 




0.174676 


19.87 ±0.07 


Rc 


SMARTS 




0.212257 


20.02 ±0.07 


Rc 


SMARTS 




1.166887 


> 20.70 


Rc 


SMARTS 




0.130498 


18.84 ±0.06 


Ic 


SMARTS 




0.174676 


19.26 ±0.07 


Ic 


SMARTS 




0.212257 


19.57 ±0.06 


Ic 


SMARTS 




1.141458 


> 21.30 


Ic 


SMARTS 




1.166887 


> 20.30 


Ic 


SMARTS 




0.130498 


17.80 ±0.2 


J 


SMARTS 




0.174676 


> 17.80 


J 


SMARTS 




0.212257 


> 18.0 


J 


SMARTS 




1.141458 


> 19.0 


J 


SMARTS 




1.166887 


> 17.70 


J 


SMARTS 




0.130498 


17.10 ±0.2 


H 


SMARTS 




0.174676 


17.60 ±0.2 


H 


SMARTS 




0.212257 


> 17.60 


H 


SMARTS 




1.166887 


> 17.20 


H 


SMARTS 




0.130498 


16.20 ±0.1 


K 


SMARTS 




0.174676 


16.60 ±0.2 


K 


SMARTS 




0.212257 


17.10 ±0.2 


K 


SMARTS 




1.166887 


> 16.30 


K 


SMARTS 


080810 


0.159900 


> 19.26 


B 


Sayan 




0.369734 


20.45 ± 0.22 


B 


RTT150 




0.375289 


20.33 ±0.22 


B 


RTT150 




0.382210 


20.45 ± 0.22 


B 


RTT150 




0.394259 


20.67 ±0.22 


B 


RTT150 




0.415984 


20.84 ±0.22 


B 


RTT150 




0.435347 


20.83 ±0.22 


B 


RTT150 




0.452199 


20.86 ±0.22 


B 


RTT150 




0.470023 


20.77 ±0.22 


B 


RTT150 




0.487535 


20.80 ±0.22 


B 


RTT150 




0.522581 


20.81 ±0.22 


B 


RTT150 




0.541400 


20.78 ±0.22 


B 


RTT150 




0.545347 


20.85 ±0.22 


B 


RTT150 




0.370891 


19.79 ±0.16 


V 


RTT150 




0.377014 


19.69 ±0.16 


V 


RTT150 




0.383946 


19.67 ±0.16 


V 


RTT150 




0.395417 


19.81 ±0.16 


V 


RTT150 




0.416632 


19.83 ±0.16 


V 


RTT150 




0.419907 


19.71 ±0.16 


V 


RTT150 




0.436331 


19.94 ±0.16 


V 


RTT150 




0.453194 


19.81 ±0.16 


V 


RTT150 




0.471018 


20.21 ±0.16 


V 


RTT150 




0.488125 


20.30 ±0.16 


V 


RTT150 




0.523565 


20.19 ±0.16 


V 


RTT150 




0.542384 


20.29 ±0.16 


V 


RTT150 




0.546354 


20.18 ±0.16 


V 


RTT150 




1.535651 


21.40 ±0.16 


V 


RTT150 




2.516073 


21.92 ±0.16 


V 


RTT150 




0.178600 


17.98 ±0.13 


Rc 


Sayan 




0.202600 


18.10 ±0.17 


Rc 


Sayan 




0.346412 


19.34 ±0.11 


Rc 


RTT150 




0.349108 


19.28 ±0.11 


Rc 


RTT150 




0.352176 


19.17 ±0.11 


Rc 


RTT150 




0.354479 


19.15 ±0.11 


Rc 


RTT150 




0.358356 


19.24 ±0.11 


Rc 


RTT150 




0.360833 


19.40 ±0.11 


Rc 


RTT150 




0.364096 


19.26 ±0.11 


Rc 


RTT150 




0.366955 


19.22 ±0.11 


Rc 


RTT150 




0.368576 


19.27 ±0.11 


Rc 


RTT150 




0.372048 


19.17 ±0.11 


Rc 


RTT150 




0.378750 


19.34 ±0.11 


Rc 


RTT150 




0.386249 


19.25 ±0.11 


Rc 


RTT150 




0.396562 


19.36 ±0.11 


Rc 


RTT150 
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GRB 




A/T n crn 1 "t" 1 1 ri o 


Filter 






0.417870 


19.34 ±0.11 


Rc 


RTT150 




0.433100 


19.02 ±0.05 


Rc 


AZT-8 




0.437315 


19.47 ±0.11 


Rc 


RTT150 




0.454190 


19.64 ±0.11 


Rc 


RTT150 




0.455980 


19.28 ±0.16 


Rc 


Z-600 




0.472002 


19.50 ±0.11 


Rc 


RTT150 




0.489664 


19.55 ±0.11 


Rc 


RTT150 




0.524537 


19.73 ±0.11 


Rc 


RTT150 




0.543391 


19.60 ±0.11 


Rc 


RTT150 




0.547592 


19.68 ±0.11 


Rc 


RTT150 




1.520598 


20.83 ±0.11 


Rc 


RTT150 




2.315000 


21.36 ±0.09 


Rc 


Maidanak 




2.499909 


21.65 ±0.11 


Rc 


RTT150 




4.326000 


> 22.30 


Rc 


Maidanak 




0.373206 


18.71 ±0.09 


Ic 


RTT150 




0.380486 


18.65 ±0.09 


Ic 


RTT150 




0.387986 


18.66 ±0.09 


Ic 


RTT150 




0.397720 


18.72 ±0.09 


Ic 


RTT150 




0.418842 


18.72 ±0.09 


Ic 


RTT150 




0.438310 


18.80 ±0.09 


Ic 


RTT150 




0.455185 


19.03 ±0.09 


Ic 


RTT150 




0.472998 


19.08 ±0.09 


Ic 


RTT150 




0.490625 


19.06 ±0.09 


Ic 


RTT150 




0.525764 


19.33 ±0.09 


Ic 


RTT150 




0.544363 


19.56 ±0.09 


Ic 


RTT150 




1.512531 


20.02 ±0.09 


Ic 


RTT150 


081008 


0.163113 


19.66 ±0.12 


B 


SMARTS 




0.209930 


19.98 ±0.12 


B 


SMARTS 




0.267280 


20.51 ±0.14 


B 


SMARTS 




0.163113 


19.22 ±0.08 


V 


SMARTS 




0.209930 


19.68 ±0.09 


V 


SMARTS 




0.267280 


20.03 ±0.10 


V 


SMARTS 




1.223449 


> 21.5 


V 


SMARTS 




0.163113 


18.45 ±0.2 


Rc 


SMARTS 




0.209930 


18.89 ±0.21 


Rc 


SMARTS 




0.267280 


19.3 ±0.21 


Rc 


SMARTS 




0.163113 


18.27 ±0.09 


Ic 


SMARTS 




0.209930 


18.62 ±0.09 


Ic 


SMARTS 




0.267280 


18.94 ±0.10 


Ic 


SMARTS 




1.223449 


> 20.6 


Ic 


SMARTS 




1.274908 


> 21.0 


Ic 


SMARTS 




0.163113 


17.13 ±0.10 


J 


SMARTS 




0.209930 


17.76 ±0.15 


J 


SMARTS 




0.267280 


17.92 ±0.15 


J 


SMARTS 




1.223449 


> 19.1 


J 


SMARTS 




1.274908 


> 18.9 


J 


SMARTS 




0.163113 


16.52 ±0.10 


H 


SMARTS 




0.209930 


16.91 ±0.15 


H 


SMARTS 




0.267280 


17.38 ±0.15 


H 


SMARTS 




0.163113 


16.08 ±0.10 


K 


SMARTS 




0.209930 


16.02 ±0.15 


K 


SMARTS 




0.267280 


16.33 ±0.15 


K 


SMARTS 




1.223449 


> 17.80 


K 


SMARTS 


090323 


2.064670 


21.25 ±0.04 


t' 


RTT150 




5.993400 


23.10 ±0.20 


Rc 


Shajn 




6.157552 


23.19 ±0.06 


Rc 


NOT 




6.998807 


> 22.70 


Rc 


TLB 




6.899000 


> 22.70 


Ic 


Shajn 


090424 


0.292726 


21.13 ±0.08 


B 


CAHAl 




0.263674 


20.03 ±0.03 


V 


CAHAl 




0.230028 


19.22 ±0.06 


Rc 


TLS 




0.235306 


19.46 ±0.04 


Rc 


TLS 




0.240607 


19.37 ±0.04 


Rc 


TLS 




0.244041 


19.29 ±0.10 


Rc 


CAHAl 




0.245897 


19.40 ±0.04 


Rc 


TLS 




0.251198 


19.42 ±0.05 


Rc 


TLS 




0.256487 


19.50 ±0.04 


Rc 


TLS 




0.261811 


19.55 ±0.05 


Rc 


TLS 




0.267124 


19.56 ±0.04 


Rc 


TLS 




0.272402 


19.43 ±0.03 


Rc 


TLS 




0.277680 


19.56 ±0.04 


Rc 


TLS 




4.18686 


21.62 ±0.03 


Rc 


Maidanak 




11.322604 


21.48 ±0.08 


Rc 


CAHAl 




12.361112 


21.84 ±0.24 


Rc 


CAHAl 




18.358958 


21.88 ±0.08 


Rc 


CAHAl 




21.336192 


21.89 ±0.05 


Rc 


CAHAl 
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GRB 


Days after trigger (midtime) 


Magnitude 


Filter 


Telescope 




24.355694 


22.25 ±0.15 


Rc 


CAHAl 




39.380393 


22.06 ±0.24 


Rc 


CAHAl 




0.250966 


18.96 ±0.16 


Ic 


CAHAl 




12.424919 


21.44 ±0.09 


Ic 


CAHA2 



Note. — SMARTS is the 1.3m Small and Moderate Aperture Research Telescope System telescope at the Cerro Tololo Interamerican Observatory in Chile. AT-64 is the 
0.64m telescope of the Crimean Astrophysical Observatory (CrAO) in the Ukraine. TLS is the 1.34m Schmidt telescope of the Thiiringer Landessternwarte Tautenburg 
(Thuringia State Observatory) in Germany. RTT150 is the 1.5m Russian-Turkish Telescope in Turkey. Maidanak is the 1.5m telescope of the Maidanak observatory in 
Uzbekistan. NOT is the 2.56m Nordic Optical Telescope on the island of La Palma, the Canary Islands, Spain. TNG is the 3.6m Telescope Nazionale Galileo, also on 
La Palma. IAC80 is the 0.8m telescope of the Observatorio del Teide, on the Canary Islands. INT is the 2.5m Isaac Newton Telescope, on La Palma. SARA is the 
0.9m telescope of the Southeastern Association for Research in Astronomy at Kitt Peak National Observatory, Arizona, USA. UAPhO is the 0.4m telescope of Ussuriysk 
Astrophysical Observatory (UAPhO) in the far east of Russia. Shajn is the 2.6m Shajn telescope of CrAO. D1.54 is the Danish 1.54m telescope at La Silla Observatory, 
Chile. OSN is the 1.5m telescope of the Sierra Nevada Observatory, Spain. WIRO is the 2.3m Wyoming Infrared Observatory telescope in Wyoming, USA. UKIRT is 
the 3.8m United Kingdom Infrared Telescope on Mauna Kea, Hawaii, USA. MDM is the 1.3 m McGraw-Hill Telescope at the MDM Observatory at KPNO. VLT is the 
8.2m Very Large Telescope at the European Southern Observatory Paranal Observatory, Chile. Terskol06 is the Zeiss-600 (0.6m) telescope of the Terskol observatory, 
Kabardino-Balkarija, Russia. WHT is the 4.2m William Herschel Telescope on La Palma. K-3S0 is the 0.38m telescope of CrAO. Terskol2 is the Zeiss-2000 (2.0m) 
telescope of Terskol Observatory. AZT-11 is the 1.25m telescope at CrAO. Sayan is the AZT-33IK (1.5m) telescope at Sayan Observatory, Mondy, Russia. Maidanak06 
is the Zeiss-600 (0.6m) telescope at Maidanak Observatory. AZT-8 is the 0.7m telescope at CrAO. CAHAl is the 1.23m Spanish telescope of the Centre Astronomico 
Hispano-Aleman (CAHA), Spain. CAHA2 is the 2.2m telescope of CAHA. 
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DETAILS ON THE GRB AFTERGLOW SAMPLES 

In this appendix, we describe the GRBs and their afterglows in our different samples on a case-by-case basis. We 
give the GRB rcdshifts (references can be found in the caption of Table and cite the sources we took our data from. 
For many GRBs, we report additional light curve analysis results. We compare the results we derive from our SED 
analyses with those given by other sources in the literature. In some cases, we give further miscellaneous results and 
comments. 

Wc foUowed lZeh et ahl (I2006D in terms of parameter designations. The parameter mk is the magnitude normalization, 
which is either the magnitude of the light curve fit at one day (if fit by a single power law) , or the magnitude at the 
light curve break time th assuming a break smoothness parameter n = oo. In many cases, the break smoothness 
parameter needs to be fixed. By eye, most light curves (if they have breaks) show sharp breaks, here, we fix n = 10 
(or —10 in the case of steep-to-shallow transitions). In a few cases, the break is much smoother, and we choose n = 1. 
ai and a2 are the decay slopes of the pre-break and post-break power laws, respectively, and ruh is the constant host 
galaxy magnitude. Often, no host galaxy has been reported, and the final data points show no indication of an upturn 
due to an emerging host. We fix the magnitude to a value significantly fainter than the the last data point. 

Details on the pre-Swift Golden Sample extension 

All in all, three GRBs described in K06 have been added to the Golden Sample due to additional data or improved 
analysis. 

GRB 9 90510, z = 1.6187 ± 0.0015. — We constru cted the light curve and the SED with data fro m the following, 
source s: ITsrael et al.l (|1999D iStanek et al.l ([T999h. iHarrison et all (I1999D. iBeuer mann et al"? (I1999D. iVreeswiik et al.1 
([T999I). iGalama et all 11991 iPietrzvnski fc Udalskil (ll999aD iPietrzvnski fc Ud alski f 1999bi nilk)rth et al.l ^19m . 



iFruchter et all (|1999| ). iBloomI (|2000( ). and lCurran et all (|2008| ). This GRB has a densely sampled, very smooth light 



curve and is known for its very smooth "rollover" break which led to the introduction of the Beuermann equation 
(jBeuermann "eFaII[l999l) . The GRB was not included in the Golden Sample of K06 b ecause the short spa n of the SED 
(BVRcIc) led to large uncertainties. The addition of newly published JHK data (iCurran et al.l 120081) has strongly 
reduced these errors. We find a blue but curved SED, SMC dust is strongly preferred, and the extinction-corrected 
spectral slope, /? = 0.17 ± 0.15, is very flat. F rom a com bined fit with all colors, we find the following parameters, 
which update and supersede those presented in lZeh et al.l (2006.) : ai = 0.77 ± 0.03, a2 = 2.45 ± 0.12, tb = 1.80 ± 0.18 
days, n = 0.81 ± 0.16, and m/i = 29 was fixed. 

GRB 011211, z = 2.1 4 18±0.0018. — We constr u cted the light cur v e and t he SE P with data fr o m the following sources: 
iHolland et all (|2002D . iJakobsson et al.l (|2003D . iJakobsson et al.l (|2004aD . and iCovino et a l] (I2002D. This afterglow 
shows early-time small-scale variability which has been attributed to a "patchy shell" model (jJakobsson et al.ll2004al) . 
A refined analysis has taken this variability into careful account, especially for the NIR data, and has yielded a 
significantly improved SED. We find that SMC dust is strongly preferred and there is a small, typical amount of 
extinction present. 

GRB 030323, z = 3.371 8 ±0.0005. — We constr u cted the light cur v e and t he SED with data f rom th e following sources: 
IVreeswiik etalj (|200l . iGilmore et ahl (|200l . iSmith fc Rvko^ (l200l . iMasi et al.1 (|200l . and IWood-Vasev et all 
( 20031) . Similar to GRB 011211, this GRB contains small-scale variability which was not taken into account in 



K06. A refined analysis yields a significant improvement of the SED. The only band wc do not add is the K band 
which is too bright for unknown reasons. Wc find an SED best fit by SMC dust (MW dust is ruled out, and LMC 
dust yields an unrealistically fiat intrinsic spectral slope) and a small amount of extinction. 

Details on the Swift -era Golden Sample 

GRB 050319 , z = 3.2425. — We constructe d the light cu rve and the SED with data from the follo wing s ources: 
IWozniak et all (|2005an . iMason et all ([200I . iQuimbv et all (poM ). iHuang et al] (pOOl . iKamble et all ([200I . I^ri] 
( 2005a|V. as well as our ow n extensive data set (NOT, TNG, Maidanak, RTT150). We do not add the J— band data 



from lGeorge et all (120061). If this NIR flare is real, it is a quite mysterious event, as a contemporaneous T^— band 



detection ( Huang et al.ll20l37l ) shows no sign of flaring activity. Initially, the light curve shows a transition from a 



moderately steep to a shallower decay: nik = 18.80 ±0.14 mag, ai = 0.93 ±0.026, 02 = 0.46 ±0.022, tf, = 0.031 ±0.006 
days, and = 28 mag, n ~ —10 fixed. Another break is found in the late light curve, this is a good jet break 
candidate with a smooth transition: ruk = 21.11±0.12 mag, ai = 0.46±0.020, 02 = 2. 23 ±0.25, th = 3.47 ±0.42 days, 
and mh = 28 mag, n = 1 fixed. The B band is already affected by Lyman absorption (jHuang et al.ll2007T). leaving u s 
with a VRcIcK SED. A fit without extinction yields = 1.00 ± 0.06, in fuU agreement with iHuang et al.l (|2007f l. 
Due to the sparsity of colors and the large error in the K band, we arc not able to discern between extinction laws 
(the 2175 A feature lies in the z band), and the derived errors of the SED parameters are quite large. Since it yields 
viable fits to most other GR B afterglows, we us e the SMC values of /3 = 0.74 ± 0.42 and = 0.05 ± 0.09, showing 



that extinction is negligible. lOates et al 



fit), in excellent agreement. iSchadv et al 



( 2009 ) find Ay = 0.06 from UVOT data only (using an XRT-UVOT joint 
()2010D find that a cooling break between optical and X-rays is preferred at 
low significance, but can only derive upper limits for this case, their upper limit of < 0.09 for SMC dust agrees 
very well with our result. 
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GRB 050408, z = 1 .2 357±0.0002. — We constructed t he light curve and the SEP with data f r om the following sources: 
iFolev et all (l2006aD. Ide Ugarte Postigo et all (|2007[ ). iWiersema eFal] (|2005f) . iMilne et all (|2005aD . iKahharov eFal] 
( 2005f) and lFlasher et al. I (|2005aD . as well as our own data set (TNG . Maidanak, AT-64 upp e r lim it). From our 



UBVRcIcZJHK SED, we derive results that are in full agreeme nt withlde Ugarte Postigo et aLl (|2007f ). We find that 
SMC dust is preferre d and derive = 0.28±0.27 W = 0.28±0.33 in lde Ugarte Postigo et al.ll2007[) and Ay = 0.74±0.15 
{Ay — 0.73 ± 0.18 in lde Ugarte Postigo et aDl2007| ). Thus, this is one of the highest line-of-sight extinctions found so 
far for a GRB with a detec t ed aft erglow (cf. the sample of K06). We concur that the rebrightening feature observed 
bv Ide Ugarte Postigo et all (|2007D is very unlikely to be a supernova rebrightening, as we deri ve a peak lumiii osity 
k = 1.65 ±0.55 (in units of the SN 1998bw peak luminosity in the same band at the same redshift.lZeh et al.| [200l and 
a stretching factor s = 0.22 ± 0.05, which is much faster than any known GRB-SN (jFerrero et al.l 120061 ). although we 
note that the shape of the rebrightening can be well approximated by a strongly compressed SN 1998bw light curve. 
Also, employing the extinction correction as described in lFerrero et al.l (|2006f ). we derive k = 3.27toil, which is also 
much brighter than any GRB-SN in the sample of iFerrero et al.l ()2006[ ). Excluding the rebrightening from the fit, we 
find the light curve parameters ruk = 21.96 ± 0.44 mag, ai = 0.48 ± 0.10, a2 = 2.06 ± 0.46, h = 0.92 ± 0.32 days and 
mil = 24.56 ± 0.15 mag. We fix ti = 1, as in this case there is a smooth transition between slopes. 

XRF OSOjieA , z = .6 528±0.0002. — ^y e const ructed the light cur v e and t he SED with data from the following sources: 
iHoUand et all (|200l . iSoderberg eFal] (f2007l ). and iPerlev et al.l (|2009dr ). as wcU as our own data set (Maidanak, 
ANDICAM). Similar to GRB 050401, observation s in different filters are taken with little overlap. The light curve 
evolution is not entirely clear, but we concur with ISoderberg et al.l ()2007n that there is an early break. We find the 
following results for a broken power law fit of the composite, host-subtracted light curve (x^ = 52.7 for 47 degrees of 
freedom): rrife = 19.94 ± 0.16 mag, ai = 0.25 ± 0.0 7. = 0.97 ± 0.05 4 = 0.025 ± 0.005 days, and n = 10 fixed. 
The late decay slope is slightly steeper than what iSoderberg et al.l (j2007f l find {aopt/NiR ~ 0.75), possibly due to our 
us e of a brighter ho s t gala xy magnitude (jPerlev et al.ll2009dh . We were not able to reproduce the SN results reported 
by ISoderberg et al.l pOOTh . We obtain a broad SED {UVW2 UVM2 UBVRcIcz'Ks), which has some scatter, but 
yields a small amount of dust for all extinction laws. While we can not rule out MW and LMC dust, wc find no 
evidence for a 2175 A bump, which falls into the U band. 

GRB 050502A, z = 3.793. — W e cons truct ed the light curve and the SED with data from the following sources: 
iGuidorzi et"aI1 l|2005D . lYost et al.l (|2005f ). and lDurid (|2005D . as weU as our own data (IAC80, INT, as weU as an unused 
upper limit from the Maidanak telescope). We fit the i?-band light curve (excepting the last two points), which also 
contains the ROTSE Cr data points, with a broken power-law. We find mk = 19.55 ± 0.39 mag, ai = 1.06 ± 0.043, 
a2 = 1.45 ± 0.028, th = 0.067 ± 0.017 days, to^ = 28 mag is fixed. The data quality is high enough to leave the 
break smoothness parameter free, we find n = 149.3 ± 6.1, i.e., a very sharp break is required. This is an astonishing 
result, as no oth er afterglow light curve where it was possible to le t n be a free parameter of the fit showed n > 10 
(jZeh et al.ll200l . Our resul ts compare weUwith l^st et al.l (|2005l) . who find ai = 1.13 ± 0.023, = 1.44 ± 0.022 
and tb = 0.066 ± 0.009 davs . lYost et al.l (I2005D interpret the break as the passage of the cooling frequency Vc through 
the R band. We note th at iZeh et all (I200 60 found a similarly sharp break for the cooling frequency passage of the 



afterglow of GRB 030329 (Sato ct al."2003). Also, that break was a bit stronger {Aa = 0.33±0.01) than the theoretical 
prediction Aa = 0.25 (jPanaitescu &_Kumar 2001), similar to this case (Aa = 0.31 ± 0.03). The final deep INT data 
point shows that a second break must have occurred. Fitting all data from 0.07 days onward, we find a2 = 1.39±0.031, 
as = 1.82 ± 0.20, ti, = 0.34 ± 0.13 days, and n = 10, rrih = 28 mag are fixed. The SED is well-fit by a small amount of 
SMC dust, but the preference is weak only. If the cooling break lies redward of the optical, p derived from the intrinsic 
spectral slope {p = 1.52±0.32) is in agreement with the value derived from the post-break decay slope {p = 1.82±0.20), 
but no X-ray data exist to further examine this possibility. 

GRB 050525A, z = 0.60 6. — We constructe d the light curve and t h e SED wit h data from the fo l lowiii g 
sources: iKlotz et al . (2005a) . iBhIstin et al.l (l200l ). iDella Valle et al. ' (2006a'). iHe^ et all (|2008l ). iRvkoff et all (f200l . 
lYanagisawa et al.n|2005,,) . .Kaplan et al.l ( 20051 ) . and iFlasher et al.l (2005b) . as well as our own data set (SARA, 



ANDICAM, RTT1 50, as well as upp er limits from several Russian telescopes). Excluding the early data before 
the rebrightening ()Klotz et al.ll2005at ). we find mk = 18.87 ± 0.13 mag, ai = 1.09 ± 0.032, aa = 1.77 ± 0.024 
tb = 0. 30 ± 0.023 days, ruh = 24.96 ± 0.04 mag, and n = 10 was fixed. This agrees very well with IDella Valle et al. 



2006af) . who find ai = 1.1, a2 = 1.8 and tb = 0.3 days. The SN parameters we find are reported in IFerrero et al 



20061 ). Wc find that SMC dust is preferred (although the SED shows scatter even for SMC dust, resulting in a 



high xVd.o.f.), = 0.32 ± . 20. Th is is in agreement with iBlustin et al.l (|2006[ ). who also find SMC dust and 
Ay = 0.23 ± 0.15. iSchadv et al.l ()2007al) also find that SMC dust is preferred, and for a solution w ith a cooling break 
between the optical and X-rays, they derive = 0.26 ± 0.04, also in agreement with our result. iHeng et aLr(|2008f ) 
use Spitzer Space Telescope detections to extend the SED all the way to 24/im. Deriving the intrinsic SED from a 
fit to the X-ray and MIR data, they find Ay « 0.02 — 0.41 for different models (e.g., amount of host contribution to 
the MIR data), with the r nost realistic mode l yielding Ay = 0.15 ± 0.06, smaller than our result due to the larger 
assumed intrinsic /? = 0.87. lOates et al.l (I2009D fin d Ay = 0.06 fro m UVOT data only (u sing an XRT-UVOT joint fit), 
a significantly smaller value. ISchadv et al.l ()2010l ) find, similar to ISchadv et al.l (l2007aD. the n eed for a cooling break 
and the preference of SMC dust, but derive Ay ~ 0.16 ± 0.02, comparable to iHeng et all (I2008D and still in agreement 
within errors with our value. 
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GRB 50730, z = 3.9 6 855 ± .00005. — We con st ructed the light cur ve and the SEP with data from the fo l lowin g 
sources: iPandev et all (l2006l). iPerri et al.l (12001. iBlustin et all (l200l iKlotz et all (l2005bD. iDamerdii et all (|2005l) . 
iHolman et al.l ()2005[ ). iHaislip et al.n2005aD . iJacaues fc Pimentell (120051) . and Kannappan et al.l (|2005[ ). as well as our 



own data se t (RTT150 a nd ANDICAM upper limits not given in lPandev et al. l2006[). No host galaxy is found d own to 
deep hmits (jChen et al.ll2009[) . The light curve of this burst is highly variable (fPandev et all 120061: (Perri et al.ll2007[) . 
and the SED was evaluated carefully. We fit the light curve with a broken power law and find nik = 18.20 ± 0.10 
mag, ai = 0.56 ± 0.008, a2 = 1. 69 ± 0.085, h = 0.1 7 ± 0.026 days, and m,, = 27 mag, n = 10 were fixed. This 
is concurrent with the results of iPandev et al.l (|2006[ ): ai = 0.60 ± 0.07, a2 = 1 .71 ± 0.06 a nd tt = 0.1 days. 
The SED results, on the other hand, differ quite strongly between d ifferent works. iCheii et all (|2005[ ) find a steep 
/3 = 1.88 ± 0.01 from the continuum fittin g of an echelle spectrum. iStarling et al.l (|2005| ). also fitting a spectrum, 
find /? = 1.34 ± 0.21. Pandey et al. (|2006f ). using only /, J and K data, find /3 = 0.56 ± 0.06. Our resuh, for an 
i'lcJK SED, is /3o = 0.82 ±0.041 {/Sq being the spectral slope withou t any extinction correction) and (3 = 0.52ifc0.045 
Ay = 0.10±0.015 for the preferred SMC dust. IStarling et all (|2005D find Ay w 0.01 from spectral fittin g lOates et al 



2009 ) find Ay = 0.15 from UVOT data only (using an XRT-UVOT joint fit), a value comparable to ours. iSchadv et al. 



2010f ) find that no dust model is able to fit the SED well, and derive Ay w 0.16 — 0.39 for their different models, 



mostly in excess of our value. 

GRB 050801 , z = 1 .56 ± 0.1. — We constructed the light curve and the SED with data from the following sources: 
iRvkoff et all (|2006aD . iDe Pasauale et al.l (|2007D . iMona rd (200 l), as well as our own data set (ANDICAM, Danish 
1.54m). No host was detected down to deep limits bv iQvaldsen et al.l (120071). This GRB h as a photometric r edshift 



only, but it is precise enough for our analysis, z = 1.56 ib 0.10 (|De Pasauale et al.l 120071 ) (jOates et al.l 120091 find a 
slightly different value, z = 1.38 ± 0. 07). The light curve shows an early, almost flat plateau phase before breaking 
sharply to a typical power law decay (jRvkoff et al.ll2006a| ). Fitting the light curve with a broken power law, we find: 
m.k = 14.85 ±0.05 mag, ai = 0.13 ±0.03, a2 = 1.19 ±0.01, 4 = 247 ±11 seconds, and n = 10, m.h = 28 were fixed. If 
we us e all data, the SED of this afterglow does not yield a reasonable result, with the UVOT data ()De Pasauale et ahl 
l2007f ) being much brighter. Therefore, we use only the late-time ground-based data presented in this work, and derive a 
red SED w hich is well-fit by a moderate amount of SMC dust. This result is different from those based on UVOT data 
exclus ively. IDe Pasquale et al.l (pOOTi ) find that the optical-to-X-ray SED is described by a single slope, and lOates et al.l 
(|2009f l find no evidence for any extinction (using an XRT-UVOT joint fit). 

GRB 050802, z = 1.7102. — We constructed the hght curve and the SED with data from the following sources: 
lOates et al.l (I2007D and our own extensive data set (OSN, NOT, TNG, Maidanak, Shajn). The two main data sets 
{Swift UVOT. lOatel et al.ll2007l and ground-based, ours), hardly overlap. Creating a composite light curve, we find 
that the light curve is well described by a broken power law with the following parameters: to^ = 21.31 ± 0.53 mag, 
ai = 0.84±0.022, a2 = 1.43±0.25, % = 0.63±0.31 days, nih = 25.36±0.46 mag, and n = 10 fixed. If this is a jet break 
the p ost-break slope is very shallow, but this has been seen before (e.g., GRB 010222 and GRB 041006. [ZeheTall 
l2006l) . We are able to derive a very smooth SED (UBVRcIc, the UV filters are all affected by Lyman damping), 
but the rather large errors of the data points lead to large uncertainties in the values of /3 and Ay. LMC dust is 
marginally preferred, following the shape of the SED mu ch better than MW or SMC dust, and we find /3 = 0.36 ±0.26 
and Ay = 0.21 ± 0.13. This is lower than the resuh of lOates et all (|2007| ). who fi nd E(B - V) = 0.18 (Ay = 0.56) 
for MW dust (they only fit with MW and SMC dust). A similar value is found bv iNardini et al.l ()2010f ). lOates et all 
(|2009f l. on the other hand, find Ay = 0.1 1 from UVOT data only (using an XRT-UVOT joint fit), which compares 
well with our resuh. ISchadv et all (|20lot ) find a marginal preference for MW dust and a cooling break between the 
optical and the X-rays, and derive Ay sa 0.15 for this case, in agreement with our value. At 210 days after the GRB, 
a faint host galaxy is detected. 

GRB 050820A , z = 2. 6147. — We c onstruc ted the hght curve and the SED with data f rom the following sources: 
iVestrand et "all ([200i l. iCenko et all (|2006bf ) and refer ences therein, iMacomb et al.l (|2005| ). as well as our own large 
data set (UAPhO, M aidanak, Shajn, RTT150, UKIRT, TNG, WIRO). Due to the compli c ated li ght curve structure 
(jCenko et al.l l2006bf ). special care is taken in deriving the SED. Similar to ICenko et al.l (|2006bf ). we find that the 
optical afterglow is composed of four parts, a moderately steep decay, a shallow rebrightening phase, then another 
phase with an identical decay slope as the first phase, and finally a s teep decay that is probably due to a jet break. As 
our late data are taken almost exclusively from ICenko et all ()200 6b'). our parameter results are identical within errors. 
Fixing the decay smoothness to n = —10 and the host galaxy magnitude rrih = 27, we find mu = 17.49 ± 0.094 mag, 
ai = 1.07±0.011, a2 = 0.54±0.051, h = 0.073±0.007 days for the steep to shallow transition from 0.006 to 0.22 days. 
For the shallow to steep transition (0.09 to 7.7 days) we find (fixing n = 10, rrih = 27 mag): = 18.22 ± 0.088 mag, 
ai = 0.50 ±0.051, a2 = 1.04 ±0.016, tt = 0.27 ±0.025 days. Clearly, the fit finds identical values for the shallow phase 
from both fits, and the steep phases are als o almost identical within errors (1.9(t). Finally, fitting the data from 0.75 
days onward, we follow ICenko et al.l (|2006bf ) an d fix a2 = io == 2.34, and find irik = 22.94±0.11 mag, ai = 1.04±0.015, 
tb = 18.19 ±1.28 days, ag; ain in agreement with lCenko et al.] (|2006bl ). For the SED, we derive a steeper unextinct slope 
than ICenko et al.l ()2006bD . /3o = 0.96 ± 0.028, and find no conclusive eviden ce for color evolution. We find a very low 



host ex tinction Ay = 0.065 ± 0.008, in agreement with lCenko et al.l ()2006bD . who find Ay = for all dust extinction 
curves. ISchadv et al.l ()2010D find strong evidence for a cooling break between the optical and the X-rays, but are not 
able to distinguish the dust models beyond this, and find a higher value, ~ 0.14 — 0.32, in comparison to ours. 
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XRF 050824, z = 0.828 1 ± 0.004. — We const ructed the light curve and th e SED with data from the following sources: 
iSoUerman et al.l ()2007D . iSchadv et all (|2005[ ). and iLipunov et al.l (120051) The fuU light curve analysis (which also 
finds evidence for a rapid supernova) can be found in ISoUerman eTaLl pool . The addition of Swih UV OT data 
(|Schadv et al.l[2005l ) allows us to create a more detailed SED than that presented bv ISoUerman et aTl (l2007f). From a 



fit without extinction, we find /Sg = 0.65 ± 0.07, in accordance, within errors, with the value found bv ISoUerman et al.l 
(pOOTl ). /3o = 0.56 ±0.04. These authors are unable to discern MW, LMC and SMC extinction, and find = 0.4 ±0.2 
mag for SMC dust, albeit with /? « 0. From our SED, we find a weak preference for SMC dust (with MW dust being 
ruled out, as the fit finds negative extinction), wi t h Ay = 0.14 ± 0.13 ma g and /? = 0.45 ± 0.18, in accordance with the 
limit Ay < 0.5 mag from ISoUerman et al.l (|2007D . ISchadv et all (|2007aD find that SMC dust is weakly preferred, and 
are not able to discern between a scenario with and one without a cooling break between the X-rays and the optical. 
In the former case, they find Ay = 0.12 ± 0.04, in the latter Ay = 0A6^q'q^, in excellent agreement with our value. 

GRB 050904, z = 6.295 ±0.002.— The complete an alysis of this GRB is presented in lKann et~al] ()2007a[) . For Figure 
1 in Paper II, wc added the dRc value derived in iKann et al.l (j2007al ) to the z = I light curve and transformed 
the time back to the observer frame. This is what the observ ed light curve in t he R band would have looked like 
in a hypothetical fully ionized universe (no Lyman dropout). iLiang fc Lil ()2009f ) report higher extinction than we 
found using the "Drudc" model of iLi et al.l (l2008cD They claim to find a 2175 A bump as wcU as an evolution in 
the characteristics of the extinction. iStratta et al.l (l2007aD claim the existence of non-standard "high-z SN dust" 
(jMaiolino et al.ll20p4[) and a larger e xtinction value than we derive. R ecently, thes e result s have been refuted by a 
careful analysis of IZafar" eFall pOlOf ). who concur with the analysis of IKann et al.l ()2007af ). finding no evidence for 
dust or evolution. 

GRB 050922C, z = 2 1992±0.000 5 . — We constructed the light curve and the SED wi t h data f r om th e following sources: 
IRvkoff et a l.' 1^)9') . iOfekeTall (f2005h . IP^g fc Pried (l2005h . iHenvch ei~all (l2005h . INovakI (l2005h . iHunsberger et al.l 
(12005D, and Li et all (|2005h . as weU as our own exten sive data set (Terskol , NOT, MDM, Da nish 1.54, INT, WHT, 
VLT). No host galaxy is found down to deep limits (lOvaldsen et a l. 2007: iChen et al.]l2009f). T he composite light 
curve shows some small variations in the early UVOT data (|Li et al.li2005i : iHunsberger et al.ll2005D but is otherwise a 
smooth broken power law with a soft rollover. We find ruk = 17.70 ± 0.089 mag, ai = 0.76 ± 0.016, a2 = 1-39 ± 0.023, 
= 0.11 ± 0.008 days, n = 3.36 ± 0.69 and = 28 mag was fixed. If this is due to a jet break, it is very early and 
the post-break slope is very shallow (see lZeh et al. 2 006, for pre- Swift v alues). The SED shows essentially no signs of 
dust extinction, and no dust model can be preferred. lOates et al.l (120 09^ find Ay = 0.08 from UVOT data only (using 
an XRT-UVOT joint fit), a comparably small value. ISchadv et al.l POIQ) are also unable to prefer any dust model (or 
make a statement concerning the location of the cooling break), but find a comparably low Ay ~ 0.07 ±0.02 for SMC 
dust and no cooling break (but higher values up to ~ 0.28 for other models). 

GRB O6OI24, z = 2 297 ± 0.001. - — We constructed the light curve and the SED with data from the following sources: 
iMisra et ahl ()2007l ). iDeng et all ()2006[ ) and D. A. Kann et al., in preparation (paper on the GRB 0601 24 afterglow) 
Preliminary analyses of the data set of Kann et al. have been published by iCurran et al.l ()2006D and iCovino et al.l 
(|2006bD . The afterglow of this extremely long GRB (jR omano "etalll2006l) is very luminous and well-described by an 
achromatic broken power law, with a contemporary break seen in the X-rays. The SED is best fit with a MW dust 
law, as there is evidence for a small 2175 A bump. ISchadv et al.l ()2010D also find marginal evidence for a preference of 
MW dust, but derive an extinction value (^v = 0.52 ± 0.13) much in excess of our own (^v = 0.17 ± 0.03). 

GRB 060206, z = 4.0 4 795 ± 0.0002.— We constructed the light curve and the SED with data from the foUowin g 
sources: IW ozniak et al.' ("2006^. Stanck ct al.' ('2007),'Monfardini et al.' ('2006^,'Curran ct al.' (2007b'). 'Ofek et al." ('20061) 
iLin et alT(l2006), Milne &: Willi a ms (2006). .Alatalo et al.. (2006), Terada et al. (2006 ) , Boyd et al. (2006) , Greco et al] 
(|2006aD . iLaCluvze et al.l (|2006[ ). iReichart et al.l ()2006D . and iThone et al.l (|2008cD (host galaxy detection) as well as 



our own data set (SARA, Maidanak). The light curve is very complex, showing an extreme rebrightening feature 
(jWozniak et al.ll2006t iMonfardini et al.ll2006f ). and special care was taken in determining the SED. Excluding the early 
rebrightening feature {t < 0.09 days), we fit the light curve with a broken power law and find = 17.79 ± 0.049 
mag, ai = 0.80 ± 0.031, ^2 = 1.42 ± 0.021, tb = 0.26 ± 0.008 days, n = 7.73 ± 2.48 and = 24.91 ± 0.26 mag (note 
that the actual host is several magni tudes fainter, but can only be separated from a very nearby galaxy by the HST, 
IThone et alll2008cl: IChen et al.ll2009[) . These results differ quite strongly from lStanek et al.l (|2007D . who f ind qi = 0.7 
012 = 2.0, and tb = 0.6 days. There are small-scale variations present in the densely sampled data of iStanek et al.l 
(|2007| ) , and it is possible that the light curve parameters and es pecially the break tim e are very sensitive to which data 
are actually included in the fit. As the final deep data points (jCurran et al.l[2007b( ) are overestimated in our fit, this 
may be indicative of another break and a following, steeper decay. These authors use only data after 0.2 days, and we 
are able to exactly reproduce their results if we use the same interval, we find = 18.87±0.11 mag, ai = 1.13±0.016, 
a2 = 1.64 ± 0.035, tb = 0.57 ± 0.044 days, n = 10, irih = 24.9 fixed. This afterglow is a good example of why dense 
sampling can be very important. From the SED, we find that MW dust is ruled out , but t he preference for SMC dust 
is only weak. Wc find almost ne g:ligible extinct i on, in concurrence with lOates et al.l (|2009f l. who use UVOT data only 
(using an XRT-UVOT joint fit). ISchadv et al.l (|2010( ) also find (low) upper limits only on the extinction. 

GRB O6O4I8, z = 1.49010 ± .0001.— We co nstructe d the light curve an d the SED with data from th e following 
sources: iMohnari et"all (|2007l ). iMelandri et~al.. (,2008, ). iCenko et ail (|2010af) . iFalcone et all (|2006.) . .Nvsewander et al.l 
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(|2006ar) . iJeh'nek et all (|2006aD . iSchadv fc Falcond (|2006l ). iChen et alj (|2006l ). iHuang et all (|2006aD . D. Malesani et 
al., in preparation (paper on the GRB 060418 afterglow), as well as our own data set (ANDICAM, Maidanak). As 
reported by several groups, the light curve shows a strong initial r ise, which then rolls over into a power-law decay 
(jMolinari et alJl2007l : iNvsewander et al.ll2006at iJelmek et aIll2006aD Shi fting ah data to the Rc zero point, we find 
no evidence for color evolution, in accordance with IMolinari et al.l (|2007D . The composite light curve is well fit with 
a broken power law and we find = 11.92 ± 0.18 mag, an = -5.89 ± 1.38, ai = 1.19 ± 0.003, h = 80.7 ± 10.8 
seconds, n = 0.42 ± 0.11 and rrih = 24.97 ± 0.14 mag (jCenko et al.ll2010al find no host underlying the direct afterglow 
position, but a very nearby galaxy complex woul d influence any grou nd-based imaging) . We find no evidence for a jet 
break out to at least 10 days, in accordance with lCenko et al.l ()2010a| ). who detect a break only in late, very deep HST 
imaging. A host-corrected light curve confirms that the HST data lies more than a magnitude under the extrapolation 
of the earlier decay. These fit values are in similar to those found by Molinari ct al. (2007), though wc find a smoother 
rollover and a steeper early rise (which is sparsely sampled). The SED has been derived from a joint fit to all bands. 
We derive a very broad SED in 11 filters, and find that while no dust model can be s trongly preferred, LMC dust 
yields the best result, with Ay = 0.20 ± 0.08. This is interesting, as lEUison et al.l (|2006( ) find clear evidence of a 2175 
A bump deriving from a dusty foreground absor ber at z = 1 .1 in an echelle spectrum of the afterglow. While we fit 
at the redshift of the burst (z = 1.49. IProc hask a et al.l 120061 ). the low resolution of the SED may lead to the bump 
also affecting our SED. The extinction we derive is therefore probably a superposition of extinction in t he host frame 
and in the foreground absorbers. Our extinction results are marginally consisten t to those derived by ISchadv et al.l 
(|2007aD . who derive higher values, but also prefer L MC dust. lOates et all ()2009D find Ay = 0.08 from UVOT data 
only (using an X RT-UVOT j oint fit), a smaller value. ISchadv et al.l ( 20101 ) find marginal preference for SMC dust and 
a value similar to lOates et a l. (2009), ~ 0.09. 

GRB 060526, z = 3.211 ± 0.001.— The complete analysis of this GRB is presented in iThone et al.l ()2010f ). Those 
authors find that the complex, hig hly variable light curve can be modeled with multiple energy injection s, as well as 
j et br eak (see also lDai et al.ll2007[) . The SED is fit well by SMC dust and a small amoun t of extinction . lOates et all 
(|2009t) find no evidence for dust from UVOT data only (using an XRT-UVOT joint fit). ISchadv et afl ([20101) derive 
mostly low upper limits and two low detections and are not able to discern between dust models. 

GRB 060607A z = 3.0749. — We constructed t he fight curve and the SED with data from th e following sources: 
IMolinari et all (|2007[ ). INvsewander et all (|2009a[ ) . fZiaeepour etHI (120081) andlFvnbo et all (|2009l ) as weU as our own 
ANDICAM data set. No host is detected down to deep levels (Chen ct al."2009'). The afterglow shows an early rise and 
several achromatic bumps (^lolinari et al. 2007; Nysewandcr ct al. 2009a; Ziaoepour et al. 200_^. As the last detection 
is at 0.2 days in the observer frame, no statement can be made about the magnitude at one day. The SE D shows very 
little d ust, the SMC fit is weakly preferred, but the extinction is within errors. Thi s is comparable to lOates et ahl 
(|2009f) . who find = 0.05 from UVOT data only (using an XRT-UVOT joint fit). ISchadv et all ((20101) similarly 
derive low upper limits only and are not able to discern between any models. 



GRB 06090 4B, z = 0.7029. — We construc ted the light curve and the SED with data from the fo llowing sources: 
Klotz et all (l2008cD. iRvkoff et al.l ( l2009l). lEvrfjo et al.l (l200l. Ide Ugarte Postigo eTlII (l2006bD. iSkvard (l200l 
Oates fc Grupd (|2006OGreco et al.l (|2006bf )7 1p7vmak et al.l (|2006[) . ISovano et all (|2006L aiid lHuang et al.l (|2006b[) 



as well as our ow n data set (ANDIC AM, RTT150, Maid anak) . This GRB fe atures strong early variability during the 
prompt emission (jRvkoff et al.ll20d9() . In agreement with lKlotz et al.l ()2008cD . we find a peaking afterglow from 0.001 
to 0.012 days, with parameters nik = 16.347 ± 0.031 mag, an = —0.665 ± 0.085 (rising slope), ap = 1.143 ± 0.069 
(falhng slope), tf, = 546 ± 20 s and n = 10 fixed. At ti,2 = 1213 ± 110 s, the decay goes over into a slow decay/plateau 
phase with ap = 0.145 ± 0.077, before resuming, at t^s = 4281 ± 314 s, a smooth decay with a = 1.170 ± 0. 026. As the 
slopes before and after the plateau are identical, this may indicate a "step" due to an energy injection (see lKlotz et al.l 
l2008cD . The SED is very broad, and includes 10 fihcrs from UVW2 to K. The SED is relatively steep but also fiat, 
and we only find a small amount of dust. This is indicative of a cooling break redward of the optical. SMC dust is 
(weakly) preferred, and the bright detections in UB clearly rule out a 2175 A bump. ISchadv et al.l ()2010D find no good 
fit for any dust model (with fits without a cooling break between optical and X-rays being even less likely) , but derive 
low extinction in all cases, in agreement with our result. 

GRB 060908, z = 1.8836. — W e const r ucted the light cur v e and the SED with data from the following sources: 
iCovino et all (poTl . lCmko et al.l (|2009b( ). lFvnbo"erall ([20091 ). INvsewander et al.l (|2006bD . asweU as a single data point 
published here. The light curve is adequately fit with a single power law: = 22.66 ± 0.03 mag and a = 1.08 ± 0.007 
(for our fits, we use host-subtracted data). But there are significant deviations from the power law, = 192 for 117 
degrees of freedom. The earliest data points show a steeper decay, removing these yields a significant improvement 
(x^ = 115 for 109 degrees of freedom), and the parameters = 22.52 ± 0.03 and a = 1.04 ± 0.007. Two data points 
at one day lie significantly (w 0.5 mag) below the extrapolation of the early decay, indicating that a break may have 
occurred (we note that a further P60 data point at four days is overluminous and has not been included). Due to the 
sparsity of the data, the break time and post-break decay slope are unconstrained in a free fit, but fixing a2 = 1.6 
(from the SED, see below), we find tb = 0.44 ± 0.12 days. The SED is broad, from B to K. We find a very flat SED 
(/3o = 0.30 ± 0.06, which implies p = 1.6 for I'c blueward of the optical bands, in excellent agreement with the hard 
X-ray slope F = 1.798) and no evidence for dust. MW and LMC flts yield negative extinction and are ruled out. The 
SMC fit yields a small amount of dust (albeit within errors) but makes the SED even more blue. Therefore, we use 
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/3o. The fiat SED strongly resembles that of GRB 021211 (|Kann et al.ll2006D . lOates et all (I2009D also find v ery low 
extinction, Ay = 0.02 from UVOT data only (using an XRT-UVOT joint fit). Similarly. iSchadv et al.l (|2010D derive 
low upper limits for all models only, they marginally prefer a cooling break between the optical and the X-rays. 

GRB 061007 , z — 1 .2 622. — We co nstructed the light curve and th e SED with data from the following sources: 
iMundell et all (|2007bl ). iSchadv et al (2007b), and iRvkoff et al.l (|2009( ). as weU as our own ANDICA M data, which 
includes the only NIR detections of this GRB that we are aware of. We confirm the rebrightening feature (jMundell et al.l 
l2007bf ). Excluding this feature, we can fit the data with a single power law with = 22.32 ± 0.033 (note that in 
this case this is the R magnitu de at 1 day after the GRB) and a = 1.71 ± 0.009. We fix to^ = 26 mag . This is fully 
consistent wfth IMundell et al.l ()2007bf ). who find a = 1.72 ± 0.10, and also consistent wfth'Schadv et al.l ()2007bl ). who 
find a = 1.64 ± 0.01. Furthermore, consistent wfth lMundeh et all ()2007b[ ) and Schady ct al. (2007_3), we find that the 
afterglow, notwithstanding its extreme brightness, is moderately extinct. While there is only weak evidence for the 
2175 A feature, we find that LMC is the preferred dust model, since both MW and SMG dust lead to much smaller 
extinction and intrinsic spectral slopes that are too steep for the standard fireball model. We fi nd /3 = 1.07 ± .19 and 
Ay = 0.48 ± 0.10, which is among the highest values in comparison with the sample of K06. IMundell et al.l ()2007bl ) 
derive /3 = 1.02 ± 0.05 and Ay = 0.48 ib 0.19 fo r SMC dust and a joint optical to X-ray fit, in excellent agreement 
wfth our value. From a similar fit, ISchadv et all ()2007b[) find P = 0.90 ± 0.005 and Ay = 0.39 ib 0.01 for S MC dust 
but they also prefer LMC dust, where they find /3 = 0.98 ± 0.007 and Ay = 0.66 ± 0.02. lOates et al.l j2009D also find 
a high value, Ay = 0.66, from UVOT data only (using an XRT-UVOT joint fit). ISchadv et al.l (|2010l) also find high 



extinction values, they strongly rule out MW dust and prefer LMC dust, where, for a fit with no cooling break between 
the optical and the X-rays, they find Ay = 0.75 ± 0.02. Similar to the SED of GRB 050525A, there is scatter while 
the errors themselves are small, leading to a high x^/d.o.f. 

GRB 06112 6 , z = 1 1588 ±0.0006. — We constru cted the hght curve and the SED with data from the following sources: 
iPerlev et al.l (|2008aD . and iGomboc et all (I2008D . The li ght curve analysis is presented in the latter paper. We confirm 
the early color evolution found bv IPerlev et al.l ()2008al ). and thus exclude this data from the SED construction. We 
find a rather steep but very straight broad SED {U to Ks, the Swift UVOT UV filters lie beyond Lyman a and are 
not included.). Fitting with dust, we find that SMC dust gives t he best fit, w i th a v ery low amount of line-of-sight 
extinction. Ay = 0.095 ± 0.055. This is fully in agreement with IPerlev et all ()2008aD . who find no "classical" dust 
but imply the nee d for strong gra y extinction to explain the optical subluminosity in contrast with the bright X-ray 
afterglow (see also lLi et al.ll2008al) . IGomboc et al.l ()2008l ) find higher extinction values from joint X-ray-to-optical fits, 
as well as variable extinction, which stems from th e fact that the X-ray aft erglow decays more ra pidly than the optical 
afterglow, reducing the offset IPerlev et al.l (l2008aD first detected. At 40 ks. IGomboc et all ()2008D find Ay < 0.13 mag, 
in agreement with our result. iNardini et al.l (j2010f ) interpret t he light curve as being dominated at late times by "late 
prompt" emission, and also find no need for any extinction. ISchadv et al.l (2010) find marginal preference for SMC 
dust and a strong preference for a cooling break between the optical and the X-rays, and find Ay = 0.10 ± 0.04, in 
excellent agreement with our result. 

GRB 070125, z = 1 . 5477 ± .0001. — We construc t ed the light cur ve and the SEP with d ata from the foUowiri g 
sources: lUodike et all (|2008bD . iChandra et all (pOOl . lDai et all pOOl . lYoshida et all (|2007al ). IUe"mura et al.l (|2007aD . 
iDurig fc Garvl (|2007f l. and lSposettil l 2007al ).as well as our own ANDICAM data set. By shifting data to the i?-band 
zero point, we find an achromatic evolution (except for very early UVOT observat ions, which have a diff erent _B— U color 
than later on), and construct a cleaned composite light curve. In accordance with lUpdike et al.l ()2008b[ ). we find an early 
rebrightening. Fitting the data up to 0.95 days (before the plateau and rebrightening), we find mk. = 18.806±0. 014 mag 
and ai = 1.460 ± 0.063. The following rebrightening episodes are described in detail in lUpdike et al.l (l2008bn. Using 
all data from beyond 1.5 days, we find clear evidenc e for a break in the light curve, in accordance with lUpdike et all 
(|2008bf l.lChaudra ct al. (200i), and lDai et all (|2008( ). We derive the following parameters: m i, = 21.442 ± 0.303 mag, 
ai = 1.793 ±0.014, as = 2.875 ± 0.200, = 5.309 ±0.810 days, and n = 10 fixed. We foUowed lCenko et all (|2008l) and 
assume an extremely faint "host galaxy" (e.g., tidal tail starburst). The SED, reaching from UVW2 to K, consists of 
14 filters (the UVOT UV filters are affected by Lyman damping and are not included in the fit). We find a very good 
fit with SMC dust, which is strongly preferred. 

GRB 0704-19A , z = 0. 9705. — We c onstruc t ed the hght curv e and the SEP with data from th e follo w ing sources: 
iMelandri etall (l2009l). fCenko et all (l2009bD. iDai et alj (12001 . iFvnbo et all (|2009l ). Ilizuka et all (|2007l) . iWren et all 
( 2007bf ). iSwan et al.l I 2007b[ ). and lLandsman fc Stamatiko^ 20071 ) . and we also publish SARA data (one upper limit 



and one marginal detection) and an unused upper limit from the 1.5m Sayan teles cope. The complex lig ht curve, 
featuring an early rise, a broken power-law deca y, and a late flat tening, is analyzed in IMelandri et al.l (|2009| 1 At very 
late times, there is a possible supernova bump (jPai et al.ll2008| ). We derive the SEP from a joint fit to the broken 
power-law portion, and find ai = 0.54 ± 0.08, as = 1. 42 ± 0.04, th = 0.015 8 ± 0.0014 days and n = 10 fixed (no 
host galaxy). Thes e values are in good a greement with IMelandri et al.l (|2009[ ). For the SEP, we use UVOT v data, 
as the V data from IMelandri et al.l (|2009[ ) is too bright, probably due to the NOMAP calibration (A. Melandri, priv. 



comm.). The SED shows some scatter. We find the best fit is achiev ed with MW du s t, tho ugh the preference is weak, 
our value {Ay = 0.32 ± 0.27) is in excellent agreement with that of IMelandri et all ()2009f ) (^v = 0.37 ± 0.19 from a 
joint optical- X-ray fit), but only marginally in agreement with lCenko et al.l (|2009b[ ). who find = 0.70lo!io- 
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GRB 070802 , z = 2.4541. — We construct e d the light curve and the SED with data from the following sources: 
iKriihler et al.l (|2008[ ). a nd lEliasdottir et al.l (|2009[ ). The afterglow of this faint GRB features an early peak/flare 
peaking at 0.027 days (jKriihler et al.ll2008D . Late detections are sparse, and we need to extrapolate to determine 
the magnitude at one day after the GRB. The afterglow is highly reddened (/3o ~ 3) and shows a clear 2175 A 
dust feature, the m ost distant detected so far except for the also high ly extinct GRB 080607 (jProchaska et al.ll2009( ). 
In agreement with IKriihler et all ()2008[ ) and lElfasdottir et al.l ()2009f ). we find that the SED is best fit (among the 
three dust laws we use) by a large amount of LMC dust. We find Ay ~ 1.18 ± 0.19, in combination with an 
intrinsic spectral slope /3 = 1.07 ± 0.31, which is in perfect agreement with the X-ray spectrum (/3x = l-02lg :[5, 
lEliasdottir et al.ll2009() . implying that both lie on the same slope and the derived extinction is actually the lowest 
possible amount (from an optical/NIR o nly spectrum, using the complete broadband spectrum can actually lead to 
lower values, see lElfasdottir et al.ll2009l ). The high = 2.84 of the fit indicates that even LMC dust is not able 
to mod el th e SED perfectly. This is a good candidate for the advanced dust model ("Drude" model) of iLi et all 
(|2008cl ). and lElfa.sd6ttir et a l. (2009) find that the best fits arc obtained from the spectrum and a Fitzpatrick-Massa 
parametrization. iLiang &: Lii (2009) have used the "Drude" model and find that the extinction curve consists of a 2175 
A bump similar to that of the MW combined with a UV extinction similar to the LMC. We use our SED (excluding the 
H band, so we have eleven filters) and derive a very peculiar result: = 6.62 for 4 d.o.f., Fg = 5022677 ± 30347844, 
/3 = -11.83 ± 10.95, Ay = 12.22 ± 7.61, ci = 0.41 ± 3.78, C2 = -0.82 ± 4.46, C3 = -1.68 ± 2.75, a = 0.0031 ± 0.0019 
(i^o is the normalization. /3 and Ay are identical in usage to this paper, and the constants C1...4 determine the specific 
shape of the "Drude" functions, see iLi et al.l 12008*3 for details). By eye, the fit is excellent, but clearly this result is 
unphysical, and reveals two fundamental problems of the "Drude" approach: Firstly, the function is too flexible, and 
can achieve good fitting results which are nonsensical in terms of the resulting parameters. Secondly, and related, the 
parameters are almost all unconstrained. This is mainly due to parts of the function being "anchored" by only very 
few data points at the blue and red ends of the SED. Fixing [3 ~ 1.02, we find — 10.15 for 5 d.o.f., Fq = 590 ± 1112, 
Ay = 1.35±2.04, ci = 0.2 2 ±22.6, C2 = -0.6 ±31.8, C3 = -1.94±6.14, a = 0.033 ±0.054 Thes e values are roughly 
comparable with those of ILiang fc Lil (|2009t) . but they are all unconstrained. ILiang fc Lil (|2009D do not publish the 
errors of their values. This is, next to the more unsure extinction of GRB 060210, the largest extinction found in the 
sample, clea rly exceeding all values from the pTe-Swift era (K 06), though still much less than some very dark GRBs 
described in lPerlev et all(|2009dl ) or the case of GRB 080607 (|Prochaska et al.l[2009l ). 

GRB 071003, z = 1.6043 5. — We constr u cted th e light curve and the SED with data from the follo wing sources: 
I Per lev et al.l (|2008ci[ ). and iGuidorzi et all ()2007b[ ). This very energetic GRB is discussed in detail in iPerlev et al.l 
(|2008dD . The early light curve features a small chromatic flare, and at 0.04 days, the afterglow decay turns over into 



a large (but only sparsely sampled) rebrightening. The late decay is probably smooth but most measure ments are low 
S/N du e to a nearby bright star. Very late NIR AO observations reveal no underlying galaxy to deep levels (jPerlev et al.l 
l2008df l. Construction of the SED of this GRB was complicated, as observations in different fllters often do not occur 
simultaneously. We assume an achromatic evolution (excepting the small early flare) but can not concl usively show 
that th is is the case. The SED is well-fit by SMC dust and moderately high extinction, in agreement with IPerlev et al.1 
(|2008dD . 

XRF 071010A z = .985 ± 0.005. — We c onstruc t ed the light cu r ve and the SED with data from the following sources: 
iCovino et all (|2008cl ). and iCenko et al.l (|2009bl ). iCovino et aD (|2008c[ ) present a detailed analysis of this XRF and 
its optical/NIR afterglow, which features an early rise, an energy injection at about 0.6 days and a late, steep decay, 
very probably post-jet break. We find the following parameters from a compound light curve: arise = — 0.94± 0.10, 
tpeak = 0.005 ± 0.0002 days, ai = 0.73 ± 0.01. After the energy inject ion, we find: o c ei = l -Ol ± 0.22, U = 1.08 ± 0.10 
days, and a2 = 2.14 ± 0.04. These values are in full agreement with ICovino et ahl ( 2008c|) . We furthermore confirm 
that this GRB afterglow is moderately highly extinct, for the strongly preferred SMC dust, we find = 0.64 ± 0.09, 
one of the highest values and clearest detections (7.5(t) in the sample. 

XRF 071031 , z = 2 . 6918. — We c o nstru ct ed the light curve and the SED with d ata from the following sources: 
IKriihler et all (|2009a[) . iFvnbo et all (|2009l) . iHaislip et all (|200l . iStroh et all (|2007l) as well as our own ANDICAM 
data set. The early afterglow of this XRF shows a co mplex evolution, with an early rise and several superposed 
fiares which show color evolution (jKriihler et al.ll2"009al ). We derive the SED from data after 0.07 days, where the 
afterglow is mostly achromatic. We find an intrinsically blue SED with a small amount of SMC dust, which is strongly 
preferred. The magnitude at one day can only be derived via extrapolation and thus has a large error associated with 
it. ANDICAM limits at two days are not deep enough to allow any assertions about the existence of a break in the 
light curve. 

GRB 07111 2C, z = 0.8227. — We constr ucted the lig ht curve and the SED with data from the follow ing sources: 
IFvnbo et all (l2009l). lYuan et all (1200 7b') , W ang et al.r(l200l , iKlotz et al.l (l200l. iBurenin et all (' 20071 , Chen et al 



2007a|l b f). iDintiniana ei: all (l2007rriOatcs fc'Strattal (120071) . rishimura'et al. l (l2007bf). IGreco et"al. (200 7). S posetti 
( 2007bD lYoshida et all (|2007d ) . lUemura et ain[2007bl ). iMinezaki et all (|2007h . and lHuang et al.l (|2008al ). This GRB 



afterglow was rapidly observed by man y observatories on the western Pacific rim. It shows a plateau phase early on 
(jYuan et al.ll2007bl: iHuang et aflfeoOSaD . after 0.003 days, we find a decay slope of a = 0.93 ± 0.02 in the Rc band. 
The SED is broad {UVW\ to K), shows slight curvature, is well fit by a small am ount of SMC dust and shows a 
strong dropout in UVM2 and UVW2, in agreement with the low redshift fz^O.8227. iFvnbo et aLll2009|) . 
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GRB 080129, z = 4.3 49 ± 0.002. — We constructed the light curve and the SED with data from the following sources: 
iGreiner et"all (l2009al ). and lPerlev fc BloomI ()2008D (we also present ANDICAM upper limits). This faint high-z event 
had a remarkable light curve, the most striking feature being a huge optical/NIR flare that peaks at about 0.006 days 
after the GRB, a phenomenon that has not been seen in any other optical/NIR light curve. This flare is followed 
by a slow rise and a very long plateau phase extending up to 2 days after the GRB, where a steep decay sets in 
(jGreiner et al.l[2009af ). Even at late times, the afterglow exhibits small-scale variation s, e.g. a flare at 0.82 days for 
which we find a clear spectral hardening. The early flare shows clear color evolution (jGreiner et al.|[2009al) . and we 
derive the SED from a joint fit of data after 0.78 days, where the afterglow is mostly achromatic. From this fit, we 
find parameters a\ ~ —0.15 ± 0.06, a2 ~ 2.15 ± 0.23, tf, = 2.03 ± 0.13 days, and n = 10 fixed (no host galaxy). The 
burst lay in the Galactic plane, with high foreground extinction (E{B — V) ~ 1), after correcting for this, we find 
a straight SED with no sign of dust extinction. The very long plateau phase combined with the high redshift leads 
to this afterglow being the most luminous ever discovered at 0.5 days after the GRB in the host frame, even though 
especially the early afterglow is significantly fainter than most afterglows in the sample. 



GRB 08021 0, z = 2.6419. — We constru cted the light curve and the SED with data from the following sources 
Fvnbo et al l (12001 iKlotz et al.l (l2008al) . iKiipcii Yoldas et al.l (|2008[ ). iBrennan et all (|200l . lUpdike et all (|2008a ^ 



Perlev et all (|2008bD . I&upe et al.K|2008f ). as well as one data point from the 1.5m Sayan telescope. Data on this GRB 
is rather sparse. It seems to show an early peak, after which the light curve decays with a = 1.06 ± 0.02 (though 
the Sayan observation indicates a rebrightening feature). The SED is broad, encompassing ten filters from GROND g 
to GROND K , very red and shows a spectral "plateau" in the GROND i and GROND z bands which may indicate 
the presence of a 2175 A bump. Indeed, while there is still some deviation from the model, the best fit is achieved 
by a quite large (^v = 0.7) amount of LMC dust. SMC dust shows strong residuals, and MW dust undercorrects 
the extinction. We caution th at this fit is based on preliminary data from GROND only. The VLT spectrum also 
indicates significant reddening (jFvnbo et al.l 120091 ). The large extinction leads to a large dRc, making it this a very 
bright afterglow at early times. 

XRF 0803 1 0, z = 2 4274. — We construct e d the light cu r ve and th e SED with data f rom t h e following s ources : 
Cenko et all (l2009bn. iC hornock ct al.' ('2008^, Co vino et all (120 08a, 'b'l . 'Miln e fc Willi a^ (2008), Chen et al. (W 



Hoversten fc Cummingsi (2008). Wozniak et al.. (.20081). iPerlev et al (.2008d , iGarnavich et al_[2008a.b) , Yoshida et all 
( 2008aD . lYuan et all (|2(j08ai r iUrata et all (|200l . iWegner et"aLn|2008[) . and iHiU et alf (|200l as well as our own 



ANDICAM data set. This XRF has a complex optical light curve, with an early plateau phase which smoothly rolls 
over into a steeper decay, and a second flat phase from 1 to 2 days after the trigger, after which the light curve decays 
steeply. From a joint fit of the data up to 0.5 days, we find ai = -0.12 ± 0.05, a2 = 1.64 ± 0.11, U = 0.049 ± 0.0041 
days, n ~ 0.83 ± 0.18, and ruh = 27 fixed. The SED is broad and well-sampled, from B to K bands, and is well-fit 
with SMC dust and a small amount of extinction. 

GRB 080319B, z = 0.9 3 71.— We constructe d the light curve an d the SED with data, from the followiri g 
sources: iBloom et all (l2009l) . iRacusin et all (l200l , I Wozniak et al.l (l2009l).lTanvir et all (l2008bD . lCenko eTall (|2009b[ ). 
iPandev et all (|2009f ). [Swan et al.l (|2008f ). lHentunen et al.l (|2008ir and lCenko et all (l2010aD. GRB 080319B is optically 



the most extreme GRB ever observed. Observationally, the prompt optical flash ( Racusin et al.l [20081 IBloom et al.l 
120091 : ISwan et all |2008[ ) reached 5th magnitude, earning it the moniker "naked-eye GRB". Due to the proximity of 
GRB 080319A which happened just 27 minutes earlier and 14 degrees away on the sky, it was observed even before the 
trigger by wide-field sky monitors (Racusin ct a l. 2008: Wozjij ak et al. 2009. ) , allowing, for the first time, a sub-second 
sampling of the prompt optical light curve (|Beskiiretani2009l ) . The event also had the highest fluence of any GRB in 
the Swift era including I PN GRBs which w ere not localized and followed up. In the last 20 years, only GRB 021206 
has had a higher fluence (jWigger et al.|[200^ . The extremely bright early afterglow combined with favorable observing 
conditions lead to the second-best afterglow sampling eve r (after GRB 030 329), but at one day alrea dy, the afterglow 
is not especially luminous anymore. Concurrent with Bl oom et all (|2009f ) and iRacusin et all ()2008[ ) . w e find a very 
flat s pectrum (deter mined from 0.04 to .4 day s after the GRB, there is strong color evolution earlier on. IBloom et al.l 
[200l IRacusin et al.i.2008: Wozniak et al.l[2009l ) and no si gn of any dust extin ction. The early pro mpt flash is the mos t 
luminous source ever observed, and exceeds GRB 050904 (|Kann et al.ll2007aD by over a magn itude ([Bloom et al.l l2009). 



The aftergl ow evolution is complex, with evide nce for a late jet break ( Racusin et al.|[2"008[ ) as well as an underlying 
supernova ([Bloom et al.l [20091 : iTanvir et al.|[2008bl . 

GRB 0803 1 90, z = 1.9492. — We constr u cted the light curv e and th e SED with dat a froni t he followini 



GKB 0803 1 9U, z = 1.9492. — We constr u ctea tne lignt curv e and tn e bthU witn dat a ironi t ne toilowmg sources : 
Cenko et all (l2009bD . iFvnbo et al.l ([2009I). [wTUiams fc Milnd ([2008I) . ILi fc FiUipenkol ((200l . IWren et al.l ([2008a[) . 



Pagani eTaLl pOOi l ■ and IPerlev et al.l ([2009di r" Due to GRB 0803 19B, this burst doe s not have extensive follow- 



up. At 0.004 days, it shows an optical flare also seen in the X-rays ([Perlev et al.ll200"9dh . These authors also report 
on an intrinsically luminous host gala xy. Starting at 0.01 days, the afterglow decays quite steeply {a = 1.47 ± 0.08). 
As the data around one day at z = 1 ([Cenko et al.ll2009H ) are already strongly dominated by the host galaxy, we are 
unable to firmly deduce a magnitude at one d ay. We find moderately hi gh extinction and a strong preference for SMC 
dust, in accordance with lCenko et all ([2009b[ ) and lPerlev et al.l ([2009d[ ). 

XRF 080330, z = 1.5 1 15. — We co n structe d the light curve and the S ED with data fr o m th e following s ources : 
Guidorzi et al.' (2009a'), 'Y uan et all ("2008^), 'Schaefer fc Guvei' (2M§), 'Bloom fc StarH (f200l . Ilm et al.l (f2Ciol . 



Wang et al.. (,2008 ). .Schubcl et all ([2008 ). Wren ct al., (,2008b.) . .Block fc Templeton (,2008f) . and additional Seeing In 
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The Dark Internet Telescope data (A. Block, priv. comm.) as well as our own data set (ANDICAM, Terskol 2m). 
The light curve of this X-ray flash is complex (and similar to that of XRF 080310), with initial rapid variability 
()Yuan et al.l l2008bl : IWren et all l2008bD , followed by a plateau phase, and th en a gradual steepening of the decay. 
Finally, another break (possibly a jet break) may occur (jGuidorzi et al.l[2009at ). Fitting the data from 0.04 to 1 days, 
we find: ai = 0.09 ± 0.02, ^2 = 1.127 ± 0.005, h = 0.021 ± 0.0005 days, n = 3.60 ± 0.36 (no host galaxy). We note 
a small amplitude optical fiare from 0.2 to 1 day. The SED spans from U to K and consists of 15 data points. We 
find weak evidence for a preference of Milky Way type dust, but all three dust models fit well with a small amount of 
dust. Intrinsically, the afterglow is not very luminous. 

GRB 080413A, z — 2.4330. — We cons t ructed the light curve and the SED with data from the following sources: 
lYuan et al.l (|2008bf ). iKlotz et al.l (|2008b( ). lAntoneUi etaD (pOOSi ). iFukui et al.l (pOOl . as weh as our own ANDICAM 
data set. We are able to jointly fit all afterglow data with a broken power-law with parameters a\ = 0.64 ± 0.03, 
a2 = 1-58 ± 0.04, tb = 0.013 ± 0.002 days, and n = 2.5 fixed, and no host galaxy. We find a strong preference for SMC 
dust (MW and LMC dust yield negative extinction) and low extinction (equal to within errors). 

GRB 080710 , z = . 8454. — We cons tr ucted the light c urve a nd the SED with data fr or n the following sources: 
IKrahler et aU (I2009bn ILi et al.l (l2008bD. iD'Avanzo et all (l2008|). [ Be rsier fc Gombod (l200l . lipids man fc Sbarufattl 
( 20080 . 1 Weaver et al.l (l2008D.lPerlev fc Melij (|2008[ ). and lYoshida et a l. (2008B). This afterglow showed a slow rise and 



multiple breaks ( Kriihler et al.ll2009b[) and is one of the observationally iDrightest afterglows ever observed around 0.05 

4 J] 



days. The low redshift oi z = 0.8454 (jFvnbo et al.ll2009t ) and the small amount of dust extinction imply that it is much 
fainter intrinsically, though. Using data beyond the light curve peak at 0.03 days, a joint fit finds ai = 0.54 ± 0.04, 
a2 = 1.60 ± 0. 01, tf) = 0.110 l b 0.003 days, n = 3.68 ± 0.82, and we assumed no host galaxy. These values are in 
agreement with iKriihler et al.l (|2009bD . A fit to the broad SED {UVM2 to Kq, 14 fificrs) shows that only a smaU 
amount of extinction is needed. While we can not discern between SMC and LMC dust, there is no evidence of a 2175 
A bump. 

GRB 08091 3, z = 6.733. — We constructed the light curve and the SED with data from the following sources: 
Greiner et all (I 2009b1. This very high re dshift GRB (the record holder un til the recent GRB 90423 at z = 8.2, 



Tanvir et al JI2OO9,; Salvaterra et al.l l2009bl ) has been extensively analyzed in iGreiner et al.l (|2009bl ) . The light curve 



shows a strong late-time rebrightening. In accordance with these authors, we find no evidence for dust. Intrinsically, 
the afterglow is fainter than the mean at early times, but the rebrightening causes it to become more luminous than 
the mean at late times. 

GRB 080916G, z = 4 .35 ± 0.15. — We constructed the light curve and the SED with data from the following sources: 
IGreiner et al.l (l2009cr). This extremely energetic GRB was detected by Fermi GBM/LAT and extensively discussed 
bvlAbdo et al] (l2009aD . The optical observations are sparse and only a photo-z (albeit with good precision) is known 



(jCreiner et al.ll2009c[ ). Wc find no evidence f or any dust alo n g the s ightline. The afterglow decays with a = 1.40±0.10. 
Both results are in perfect agreement with IGreiner et all ()2009cD . The afterglow, despite the extremely energetic 
prompt emission, is not overly luminous and comparable to mos t afterglows in the sample. We note that if the LAT 
emission of this GRB is dominated by external shock emission (|K umar fc Barniol DuranI [20091 ). the isotropic energy 
release may be overestimated, on the other hand, the bolomctric bandpass should be dominated by the true prompt 
emission, implying that the correction, if any, is small. This changes if the energetics are computed up to 10 GeV in 
the rest frame, though (jAmati et al.ll2009l ). 

GRB 080 9 28, z = 1.6919. — We con struc ted the light c urve a nd t he SED with data from the following sources: 
iRossi et all (poToh . Ilv^o et all (pOOl . and lFerrero etall (120081)1 ) CseelRossi et al.llMol for further details). The light 
curve evolution and the SED analysis are reported in lRossi et al.l (|2010l ). who find a strongly variable early light curve 
with multiple peaks and a steep late decay, as well as a rather red SED which is best fit by a small amount of MW 
dust; the underlying spectral slope is still steep, and in full agreement with the X-ray spectral slope. 

GRB 081 08, z = 1.9685. — We constructed the light c urve and th e SEP with data from the following sources: 
lYuan et al.l (|2010[ ). as well as our own ANDICAM data set. I Yuan et al.l ()2010f ) report an initially rising afterglow with 
small-scale variability (probably linked to central engine activity) superposed, which then goes over into a smooth decay 
which later shows a break. From a multicolor joint fit, we find ai = 0.931±0.006, a2 = 1.13 2±0.008, h = 0.04 8±0.004 
days, n = 10 fixed, and a faint host galaxy assumed. Our decay slopes agree very well with lYuan et al.l (|2010( ). but we 
find an earlier break. Late upper limits hint that a further break may have occurred. The SED shows a bit of scatter, 
we find it is best fit by a small amount of SMC dust and an intrinsically blue slope. lYuan et al.l ()2010l ) find a break 
in the optical SED, with a larger amount of dust and /3 « 0, we can not confirm this. 

GRB 090102 , z — 1.547. — We constructed the lig ht curve and the SED with data from the fol lowing sources: 
iGendre et all (iMol). Ide Uearte Postigo et all (|2009al fH). iCurran et all ([2009h . iCenko et all (|2009ar ). iMalesani et "all 
(|2009( ). and lLevan et all (|2009f ). We set Tn as 14 seconds before the Swift trigger. This GRB shows an early stee p 
decay, which may be due to a reverse shock flash, caught in high ti me resolution by TA ROT (jGendre et al.|[20lof) . 
Note that this refined analysis comes to a very different result from IKlotz et al.l (|2009af) . who found a rapid rise to 
a peak. The reverse shock flash interpretation is further supported by the recent report of significant polarization in 
the early optical afterglow ([Steele et al.,,2009i ). iGcndrc ct al.. (,20 IQ ) fit the complete, well-sampled light curve with a 
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steep-to-shallow broken power law. Using a similar fit, we find ai — 1.79 ±0 . 09, a 2 — 1.10 ±0.02, tb — 0.004 ± 0.00075 
days, n = —10 fixed, in decent agreement with the values from lGendre et ahl ()2010D : ai = 1.50±0.06, a2 = 0.97±0.03, 
tb » 0.012 days. But there are clear residuals seen between 0.01 and 0.1 days, and we find the light curve can be fit by 
a total of four power law segments: ai 1.92±0.03, tbi = 0.0060 ±0.0016 days, 02 = 1.54±0.13, ^2 = 0.0167±0.0064 
days, g.cj = 0.86 ± . 05, th ^ = 0.200 ± 0.027 days, = 1.38 ± 0.04 (n = -10 or n = 10 fixed), rrih = 24.2 ± 0.12 
mags. iGendre et al.l (j2010f ) have already noted that the afterglow behavior does not agree with the standard fireball 
model, if this more complex evolution is correct, the problem becomes even more persistent. We furthermore confirm 
no (jet) brea k out to several day s. Both afterglow behavior and the SED are comparable to those of GRB 061126, 
according to IGendre et al.l (|2010[ ). and we also confirm this in terms of the SED. The moderately red, well-sampled 
SED is best fit by a small amount of SMC dust (w ith LMC du st yielding similar re sults), with an intrinsic spectral 
slope in good agreement with the blue X-ray slope (jGendre et a l. 2010). But Gendr e et al.l ([20^10.) find a Pox = 0.53 
which makes this almost a dark burst, implying either very gray extinction or an additional emissive component in 
the X-rays. They find higher extinction values for MW and LMC dust, but their SMC result is in agreement with our 
value within errors. Note that the redshift of this GRB is almost identical to that of GRB 070125. 

GRB 090313, z = 3.3736 ± 0.0004 — We construc t ed the l ight curve and the SED with data froni the fol- 
lowing source s: lUpdike et al.l (l2009aD. IGuidorzi et all (l2009bD. JiNTissinenl (120 091). 'dc Ugarte Postigo et al.l (I2009clid[) 
IMorgan et all (120091). IVaalsta fc CowardI (|2009f ). IPerlevI (|2009al ). IKlotz et a l. (2009bD. IPerlev et al.l (|2009bt ). ICobbI 



(|2009aD . and"lM aiorano et al.l ()2009l ). This moderately high redshift Swift GRB has an exception ally luminous after 
glow. The afterglow evolution is complex, with an earl y rise and a possible long plateau phase (IPerlev et al.ll2009al : 
Ide Ugarte Postigo et al.]|2009c|) and a late steep decay (|de Ugarte Postigo et alTl2009dl: lCobbll2009aD . We find that 
SMC dust is strongly preferred and the extinction is quite high for a burst at z > 3, with Ay = 0.34 ± 0.15. From 
about 0.02 to 0.5 days (at z = 1), this is the most luminous afterglow ever detected. 

GRB 090323, z = 3.5 6 8 ± 0.004. — We cons t ructed the light cur v e and the SEP with data frq i n the fo l lowing sources: 
IMcBreen et all (IMol) . ICmko et al.l (IMoB ). IWang et air([2009l ). [Perlev et all ([20093) : IPerievI (l2009bD . iGuidorzi et al.l 
(|2009cD as well as our own data set (RTT150, NOT, Shajn). We find that until 5 days after the GRB, the decay 
is described well wit h a power-law a = 1.93 ± 0.02, before a plateau phase sets in fde Uga rte Postigo et al.ll2009el : 
IMcBreen et al.l[2010l ). before returning to a similar decay rate a s before . iMcBreen et al. (2010i ) give evidence that this 
is a p ost-jet-break decay slope, this is contested in lCenko et al.l ()2010b[ ). This burst was extremely energetic (jBissaldil 
l2010f l (within the rest-frame 1 - 10000 keV band, it has the highest isotropic energy in the entire sample, larger even 
than that of G RB 080916C, see also lAmati et al.l I2OO90 and was detected by Fermi LAT up to several kiloseconds 
after the event (|Ohno et al.ll2009t ). We find that the SED is well-fit by a small amount of SMC dust, which is strongly 
preferred. The afterglow is intrinsically highly luminous, among the brightest in the sample. 

GRB 090328, z = 0.73 5 4 ± 0.0003. — We con struct ed the light c urve a n d the SED with data f rom the following sources: 
IMcBreen et~al] (|2010f ). ICenko et all ()2010bl ). and lAUen et al.l (|2009( ). IMcBreen et~an (|2010f ) report the afterglow can 
be fit with a steep decay and a late-time, achromatic bump before going over into a bright host galaxy. We find 
that it can be fit equally well with a steep-to-shallow transition, with the following parameters: ai = 2.36 ± 0.50, 
a2 = 1.36 ± 0.26, tb = 2.33 ± 0.61 days, n = —10 fixed, and host galaxy magnitu des left free for eac h filter except 
for Kg and i' . The steep decay is consistent with a post-jet-break decay (but see lCenko et al.|[2010bD . and there is 
marginal evidence for a more shallow decay at one day and earlier. The SED is red but straig ht, and we find t hat w e 
can not discern between MW, LMC and SMC dust, in full agreement with what was found bv IMcBreen et all (|2010f l. 
For SMC dust, we find j3 = 1.17 ± 0.17, Ay ~ 0.18 ± 0.13, indicating that the cooling break lies redwards of the optical 
band. 

GRB 090423, z = 8.23^0.07 • — We constructed the light curve and the SED with data from the following sources: 
iTanvir et al] ([2009h . and lYoshidalTall (|2009[ ). With a redshift of z ^ 8.23±ij;i^^ (|Tanvir et aI1[200l . this is the most 
distant spectroscopically confirmed source in the universe (see also lSalvaterra et al.ll2009bh . It is only detected in the 
NIR JHK bands (therefore, we can not do free dust model fits, and the GRB is no t listed in T able El). From a join t 
fit of all data (excepting the last detections, which show a flare. iTanvir et ani2009[ ). we find, as lTanVir etall (|2009l) . 
an early plateau. It is ai = 0.063 ± 0.052, aa = 1.76 ± 0.31, tb = 0.38 ± 0.06 days (4 = 0.041 ± 0.0066 days in the 
rest frame), a nd n = 10 was fixed, no host galaxy was assumed. These values arc broadly in agreement with those of 
ITanvir et a l. (2009*) . From the joint fit, we find a fiat SED, = 0.45±0.13, also in broad agreement with ITanvir et all 
(|2009H . iCharv et all (|2009f l report a 2a detection at 46 days from an ultra-deep 3.6/xto Spitzer observation. We find, 
from extrapolation of our SED, that the color Jvega — 3. 6/^,771^15 = —0.3 mag, and Jvega — ^.GumAB = —0.18 mag 
from a (long!) extrapolation of the light curve decay. Both values are in good agreement, as ICharv et al.l ()2009() also 
report, indicating an as yet negligible contribution by the host galaxy, and no jet break until at least 5 days post-burst 
in the rest frame. There is no evidence for dust. While the latter fact is similar to the two other z > 6 GRBs, GRB 
050904 and GRB 080913, both of those showed straight but red SEDs, with (3q w 1.1. The flat spectral slope leads to 
a blue Rc — J color, we flnd that the composite J-band light curve needs to be dimmed by 0.98 magnitudes to derive 
the Rc light curve for the case of a hypothetically fully ionized universe fsee lKann et al.ir2007al) . The dRc correction 
is also smaller than for the two closer GRBs mentioned above, and at z = 1, we find the light curve to be quite 
unremarkable,, though it is brighter than most GRBs at one day due to the optical fiare. A later deep upper limit 
((Tanvir et al..,2009.) indicates that this flare is not similar to the strong rebrightenings experienced by the afterglow 
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of GRB 080913 (jGreiner et al.|[2009bD . though. All in all, in terms of duration, isotropic energy release and optical 
luminosity, GRB 080913 and GRB 090423 are similar, in stark contrast to the very powerful GRB 050904. 

GRB 090424, z = 0.544. — We constructed the l ight curve and the SEP wit h data from t he fo ll owing sources: 
r^jMl (l2009l).IXin et al.l (12009 ') . 'Schad v fc Cann izzo^ ('2009 1) . IGuidorzi et al.l (l2009dD . lUr ata et al.' ('2009'l.'Olivarcs et"all 
120091) ■ iNissinen fc Hentmlen (200^). Ilm eTa l. (2009i nRov et al.l (|2009f) . iMao et a l. (2009), Cobb (2009b), and 



IRumva ntsev e t al.l (I2009(l, as well as our own TLS, CAHA and Maidanak data. This was, in terms of peak pho 
ton flux (.Sakamoto et al.ll2009D. th e brightest burst Swift has detected so far, mainly due to it lying at a comp aratively 
low redshift (jChornock et al.ll2009( ). with a host galaxy that has been pre- imaged in the SDSS (jEvans fc Holla nd 2009). 
We find from fitting a composite light curve that the early afterglow may show the signature of a reverse shock flash: 
ai = 2.12±0.16, a2 = 0.92±0.006, h = 0.002±0.0001 days, ruh = 22.77±0. 1 2, n = -10 was fixed. From the available 
data, we find no evidence for a jet break, which was suggested by Ilm et al.l (|2009[ ). We derive a very broad {UVWl 
to K) SED which is clearly reddened (/3o = 1-58 ± 0.03). The best fit is achieved with LMC dust and a moderate 
extinction of Ay ~ 0.50 ± 0.12 mag. The intrinsic SE D is still red (0 = 0.97 ± 0.15) and in excellent agreement with 
the X-ray spectrum (from the Swift XRT repository. lEvans et al.l[2007L 120091 ). indicating that the cooling break lies 
redward of the optical. 

GRB 090902B, z = 1.8229 ± 0. 0004. — We construc ted t he light curve and th e SED with data from the following 
sources: iMcBreen et al.l ()2010D . iPandev et all ()2010D . and iCenko et all (|2010bD . This extremely energetic GRB has 
the third-highest fluence of all GRBs in the Swift era, featured the highest observed energy ever for a GeV photon, 
and shows a high-energy spectrum consisting of a superposition , of a Band function and a power-law rising to GcV 
energies which also dominates below 50 kcV (jAbdo et al.ll2009b| ). It is the first Fermi GRB for which the afterglow 
was detected (by ROTSE) before the LAT position (or a Swift XRT position) was published, by mosaicing the GBM 
groun d position. This de tection shows the afterglow was probably dominated in the first hours by a reverse shock 
flash (jPandev et al.ll2010[ ). We find a^^s > 1-8, ai = 0.96 ± 0.02, 4 < 0.46 days. Fitting only data after 0.5 days, 
we find ai = 0.95 ± 0.03, a2 = 1.37 ± 0.17, ti, = 10.97 ib 3.91 days, n =10 flxe d, and a faint host galaxy assumed. 
This late break is probably a jet break ([McBreen et al.ll2010t ICenko et al.ll2010b| ): while the post-break decay slope is 
very shallow, it is derived from only a few data points (the GRB became unobservable), so it is entirely possible that 
we are seeing a smooth break whic h has not reach e d its asymptotic decay v alue yet. Thi s very l ate break makes the 
GRB hyper-energetic according to IMcBreen et al.l (|2010( ) , though note that ICenko et al.l (|20101J ) flnd evidence for a 
very low circumburst density which reduces the energy requirements. The SED disfavors MW dust, but we can not 
discern between LMC and SMC d ust (we work with th e latter). The very slow decay puts the afterglow among the 
most luminous ones at late times ([McBreen et al.ll2010f ). 

GRB 0909 26 A, z = 2. 1062±0.0004. — We c onstructed the light curve and the SED with data from the following sources: 
iRau et all ()2010f) and ICenko et al.l ()2010bD . This was another high-fluen ce Fermi LAT/GBM GRB. The afte rglow is 
observationally very bright, and began a powerful rebrightening phase ()Rau et al. 120101: ICenko et al.l 2010bl ) just as 



ground-based observations started. In this way, it strongly resembles GRB 070125 (jUpdike et al.ll2008b ). Fitting data 
from 0.8 to 2 days, we flnd ai = -2.27 ± 0.13, a2 = 1.64 ± 0.01, tb = 0.9 47 ±0.003 days, n = 10 flxed. The afterglow 
then undergoes two further rebrightenings, the first which is also found bv lRau et al.l (|2010[ ). As the decay slopes after 
each rebrightening are identical within error s, this is a classica l exa mple of mult i ple ene rgy injections int o the forward 
shock. Joining the two large data sets from IRau et al.l (|2010[ ) and ICenko et al.l (|2010bD , we concur with ICenko et al.l 
(|2010b( l (in disagreement with lRau et"alll20ia r that the late afterglow shows another break; using only data after the 
last rebrightening (4.8 days after the GRB), we find: as = 1.53 ±0.32, 04 = 2.09 ±0.17, tb = 7.96 ±4.20 days, n = 10 
fixed. This is probably a jet break, t ogether with that of GRB 090902B one of the latest discovered, again implying 
that this is a hyper-energetic event (jRau et al.l 120101 : ICenko et al.ll2010bD. C oncerning the SED, we note that there 



seems to be a discrepa ncy between the calibrations from ICenko et alT ( 2010bf ) (unextinctcd slope for their data only 



1.53 ± 0.08) and IRau et al.l ()2010f) (unextincted slope for their data only: /3o = 0.89 ± 0.05, in agreement with 
their result). Joining all data yields a usable SE P, but a h i gh due to the scatter, we find it is best fit by a small 
amount of SMC dust, in general agreement with iRau et al.l ()2010D . After shifting it to 2 = 1, the afterglow is seen to 
be among the most luminous ever detected at any time during its observations. 

Details on the Swift -era Silver Sample 

GRB 050401, z = 2 . 8992 ± .0004.— We constructed t he light curve and t h e SED with data fr om t he following 
source s: iRvkoff et all (|2005aD . lDe"Pasauale et all ([2006f ) . Imtson et all (|200l . iKamble et all (|2009t ) and iChen et"al] 
(I2OO9D (we also publish upper limits from ANDICAM in this work). We note that the three magnitude values given 
in iKambT "erall(l2009l) are ab out one magnitude too bright. For the SED, we derive the Y — Rc and Rc — Ic colors 



from the lKamble et all ()2009l ) data only, as the colors are in agreement with the rest of the SED. Construction of the 
SED is hampered by the fact that the NIR data (JHK) are for the most part not contemporaneous with the densely 
sampled part of the Rc light curve. The SED we derive yields negative /3 for a free fit (LMC and SMC), or strongly 
unphysical results (MW). While being ve ry red (0n = 1.88 ± 0.11), the curvature is too strong to be explained even 
by SMC dust. As already noted earlier (jRvkoff et al.ll2005al : I Watson et al .1120061 ). the light curve is reasonably well 
fitted (x^ = 35.2 for 28 degrees of freedom) with a simple power law, we fl nd a = 0.84 ± 0.02. We point out that if 
one fits only the later Rc data, without the early ROTSE points ((Rvkoff et al.l l2005al) . a broken power law gives a 
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significantly improved fit (x^ = 12.5 for 21 degrees of freedom). We find the following results: irik = 22.43 ±0.52 mag, 
ai = 0.58 ± 0.11, a2 = 0.96 ib 0.04, tb — 0.32 ± 0.17 days, and n — 10, nih ~ 27 were fixed (the host galaxy magnitude 
is given in lChen et al.|[2009| ). The early time (2 hours in the rest frame) and the small Aa = 0.38 ± 0.12, close to the 
expected value Aa = 0.25 may indicate that this is a cooling break. This would also mean that the early light curve 
shows a more complic ated ev o lution than a single power law. We find no evidence for a jet break at late times, in 
agreement with .Watson et al.l ()2006l ) . Using this a value (what is labeled a2 in our fit represents the pre-break decay 
slope ai), and assuming a wind environment and a cooling frequency above the optic al band, we derive J 3 = 0.30. 
While this is untypically shallow, the X-ray spectrum is also quite hard (F = 1.85 — 1.89. lWatson et ani2006[ ). yielding 
a similar spectral slope (0.35 — 0.39, from /3 = F — 1 — 0.5) to what we derive from the decay slope. Using this fixed 
value, we find Ay = 0.69 d= 0.02 (we caution that this strongly underestimates the error, see K06). This is close to the 
result IWatson et al.l (|2006l ) derive, they fix /3 = 0.39 and find Ay = 0.67 from the spectrum. This is a rare GRB at 
high redshift where significant extinction has been detected. 

GRB 05 11 09 A, z = 2.346. — W e cons t ructed the light cu r ve and the SEP wi t h data from the following sources: 
lYost et al.l(l2007aD.lHolland et aL | (12001 .iBloom et all (l2005D.lMilne et al.l (l2005bD . iHaislip et al.l (l2005bl).lHuang et al.l 
(|2005D . lWozniak et al.l p005bl . 'Lil l2005b[) . iMisra et al.l (|2005l) . and lKinugasa fc Toriil ()2005[) . as well as our own data 



(one point from the 0.38m K-380 telescope). While this GRB had one of the densest early multi-color follow-ups ever 
obtained, most of this data are as yet unpublished, therefore our analysis is preliminary. The Rc light curve is well fit 
with a broken power law with the following parameters: = 19.99 ±0.099 mag, oi = 0.64 ±0.006, a2 = 1.88 ±0.17, 
ti, = 1.44 ± 0.16 days, nih = 23.37 ± 0.15 mag, and n = 1 (smooth rollover) fixed. This is one of the best examples 
of an optical light curve with a probable jet break in the Swift era. Data in other colors is sparse. We derive a broad 
SED [VRcIcJHKs), but it is strongly curved, free fits yield negative P (LMC, SMC) or unphysical resufts (MW). 
A fit without extinction yields /3o = 0.61 ± 0.057. Deriving /? from a, we find that the only physical solution is found 
for an ISM-BLUE model, with ^ = 0.42. For this case, p = 1.85 ± 0.012, identical to_» = 1.8 8 ± 0.17 derived from 



to jP = 

p = a2- SMC dust gives the significantly best fit, we find Ay = 0.09 ± 0.03. .Oates ct~aLlj2009[ ) find Ay = 0.01 from 



UVOT data only (using an XRT-UVOT joint fit), a smaller value. iSchadv et al.l ( 2010( ) find strong evidence for a 
cooling break between the optical and the X-rays, but are not able to discern between the extinction models beyond 
that, they derive low upper limits on any extinction, in agreement with our result. 

GRB 51111, z = 1 54948 ± 0.00001.— We cons t ructed the light curve and the SED with da t a from the fo l lowin g 
sources: |Y ost et al.' (1200731 ). iButler e t al.' ('20061). iGuidorzi et all (l2007aD . iMilne et al.l (|2005cD . iPoole et al.l (|2005l) . 
iNanni etal . (2005), and Pc nprase et al. (200(| host galaxy), as well as our own data set (SARA, Maidanak). Similar 
to GRB 051109A, this GRB was observed in multiple colors at early times, and the Rc light curve is very well 
sampled. Basically, it can be described by a broken power law with the following parameters: = 19.64 ± 0.34 mag, 
ai = 0.91 ± 0.006, a2 = 2.32 ± 0.80, tb = 0.55 ± 0.18 days, mh = 25.6 mag and n = 10 fixed. The late slope indicates 
the existence of a jet break, but there are few late data points, and the error on a2 is very large. Furthermore, the light 
curve residuals sho w significaiit varia b ility (y^ = 542 for 1 18 degrees of freedom), e.g., the earliest data points follow 
a steeper decay (cf. lYost et al]|2007a|) . iButler et al.l ()2006[) also present an early, shallow break. Another similarity to 
GRB 051109A is that this SED is also strongly curved. Only SMC dust yields an acceptable result, but the fit finds 
negative /3. Assuming a constant density environment and a cooling break bluewards of the optical yields /3 = 0.61, 
fixing this value, we find = 0.19 ± 0.02. This is fully in agreement with the result of IButler et al.l (|2006f ). who find 
— 0.23 ± 0.07 for SMC dust, which they find is clearly preferred. 

GRB 060210, z = 3.9133. — We constructed the light curve a.nd the SEP with d a ta from the f ollow i ng sources : 
Stanek et al.l (l2 007l) . ^C mran et al.l (l2007al). ICenko et al.l (l2009bn . lPerlev et all (|2009dD . lFvnbo et al.l (l2009l ).[Lil (l2006l) . 



Williams &: Mil ne ( 20061) . and iHeartv et aLl ~( 2006a[ ) . This GRB at a moderately high redshift was rapidly observed 



by several ground-based telescopes, yielding a dense early light curve coverage. At early times, the afterglow shows a 
plateau, which is follow ed by a small rebrig htening (Li 2006), before it decays achromatically with a = 1.2 9 ±0.02 (fully 
in agre ement with, e.g.. lStanek et al]l2007| ). Note that this GRB shows rather strong pre-trigger activity (iCurran et al 



2007a ). and we shifted all afterglow data by 230 seconds. With the exception o f a quite bri ght host galaxv (fPerlev et~ 
2009d ) , a bright dete ction which is is in conflict with surrounding upper limits (lMisrall2006D and the late Ks observation 
( Heart V et al.ll20"06aD . there are no reported detections after w 0.1 days. The Ks data point can only be added to the 



SEP if one does a long extrapolati on of the initial light curve decay, assuming achromaticity (we also assume Ks = 22 
for the host galaxy, but note that iHeartv et al"1l2006al report possible blending with an extended source). In such a 
case, one finds a large Rc — Ks = 5 m ag, but this is s t ill ~ 2 magnitudes lower than what is expected from the fit only 
to the optical data (see the following). iPai fc Stanekl (|2006D report the detection of a light curve break at 7.9 hours in 
the XRT light curve, which, if achromatic, would imply a larger Rc — Ks color. Pue to these insecurities, we therefore 
choose not to use the Ks po int in the SEP, and point out that there may also be a problem with the photometric 
calibration of the P60 data of iCenko et al.l (l2009b|). as their i' magnit udes are alrea dy significantly bright er (instead of 
slightly fainter, as expected) than Ic data from lCurran et all (|2007a[ ) a ndlLil (I2006D . As already found bv ICenko et al.l 
(|2009b( ). the SEP is extremely red (/3o = 7.09 ±0.52, in agreement with ICenko et al. 2009l3), this cannot be attributed 
to the redshift. Spanning only from Rc to z', a free fit results in negative f3 for the SMC or too little correction for 
LMC and MW dust. We can rule out MW dust from the bright z' detection, but can not discern between SMC and 
LMC dust as no NIR data has been published. We choose SMC dust as this is most often found in GRB hosts (and 
also needs less extinction). From the optical decay slope, and assuming an ISM environment with the cooling break 
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blueward of the optical, we infer j3 = 0.76 and a very high extinction A\ — 1.18 ± 0.10. This is fully in agreement with 
the result of ICenko et all (|2009bn . A^j = 1.21^^;}^. This result is remarkable, not only is there only one other GRB in 
the sample for which a similarly high extinction was found (GRB 070802), but the high rcdshift leads to the highest 
correction in the whole sample, dRc w 10. If this value is correct, then GRB 060210 has not only one of the most 
luminous early afterglows ever discovered (Fig. HJ, it also becomes, by 0.005 days after the GRB, the most luminous 
of all afterglows, roughly one magnitude brighter than the upper boundary now given by GRBs 090313 and 080129. 
This either implies that afterglows, even at times when prompt flashes like those of GRBs 050904 and 080319B have 
significantly decayed , can be much more luminous than is known now, or that there is a problem with the data. Indeed, 
ICenko et al.l ()2009bf ) state that they did not derive an independent photometric calibration of the field, which may 
lead to especially the z' magnitudes to be too bright. Though as long as no additional data arc published, especially 
NIR data, there is no way to discern between the two scenarios. 

GRB 060502 A, z = 1.5026. — We constr u cted the light curve and the SE P with data from the fo llowing sources: 
ICenko et al.l (|2009b[) . iFvnbo et al.l (|2009l) . iPoole fc La Parolal (|200l . and iJakobsson eFall (|2006b[) . Data on this 
afterglow is sparse . From a joint fit, w e find a shallow decay, a = 0.56 ± 0.17. The SED is red (/3o = 1.99 ± 0.35, 
in agreement with ICenko et all l2009bfl . Free fits result in negative /?. We take /3 = 1.01 from the X-ray spectrum 
(from the Swift XRT repositorv. TEvans et al.ll2007L 120091 ) and find, with SMC dust, A^ = 0.38 ±0.15. If we assume a 
cooling break redward of the optical, we derive = 0.71 and = 0.50 ± 0.15, comparable to ICenko et al. (2009b), 
who derive A^ = 0.53 ± 0.13. iSchadv et al.l (|2010( ) strongly rule out MW dust, and marginally prefer SMC dust and 
a cooling break between the optical and the X-rays, for this model, they derive an extinction identical to our result. 

GRB 060906, z = 3 .6 85 ± 0.002. — We co nstru cted the ligh t curve and the SED with data from the following sources: 
ICenko et afl (|2009bD . iFvnbo et al.l ()2009D . and lLi fc BloomI (I2006D. This mo derately high redshift GRB has a peculiar 



early afterglow featuring a strong optical rebrightening ( Cenko et al.ll2009bl ). Only three colors are given, as the Gunn 
q ban d is affected by Lyman absorption. From the X-ray spectrum (from the Swift XRT repositorv. lEvans et al.|[2"007l 
|2009( ) and under the assumption of a cooling break between the X-rays and the optical (the uncorrected optical slope 
is already bluer than the X-ray slope), wc use /3 — 0.61 and find only a very small amount {Ay = 0.05 ± 0.05) of SMC 
dust. This value is smaller than what was found bv ICenko et all (|2009bD . Ay = 0.201^2- 

GRB 060927, z = 5.463 6 . — We con struct ed the light curve a nd the SED with data from the following sources: 
iRuiz-Velasco et al.l ()2007l ) . iToriil (|2006l ). and lZheng et al.l (|2009b[ ) (we also publish an unused upper limit). This GRB 
has the fourth hi ghest spectroscopic redshi ft determined to date, and incidentally, it also had the most rapid follow-up 
observation ever ( Ruiz-Velasco et al]|2007l ). excepting the coincidental observations of GRB 080319B. Similar to GRB 



050904, obse rvations in most colors y ielded only upper limits due to Lyman dropout. After a strong rebrightening 
at 0.01 days (|Ruiz-Velasco et al.l [20071 ). the light curve follows a simple power law , wc find ruk = 23.394 ± 0.118 and 
a = 1.235 ± 0.033 (r rih = 28 fixed), in a greement with iRuiz-Velasco et al.l ()2007f ). We construct the Rc light curve 
following the method iKann et all (j2007al ) used for GRB 050904. Only three colors are unaffected by Lyman damping. 
From the decay slope, we derive /3 = 0.823 from a model where the cooling break lies redward of the optical (the 
unextinct slope is quite steep, /3 = 1.297), and find Ay = 0.209 ± 0.084 for SMC dust. This is also in agreement 
with the simultaneous optical/X-ray fits presented in iRuiz- Velasco et al.l (|2007[ ). The additional extinctio n correction 
makes this GRB afterglow have an even larger dRc shift than found for GRB 050904 (|Kann et al.ll2007a[ ). 

GRB 070208, z = 1 165. — We construc t ed the l ight curve and the SED with data from the follow i ng sources: 
IMelandri et all (l2008h. ICenko et al.l (|2009bt ) . IBloon] (pOOl . iHafDern fc Mirabllj (f2007f ) . IWren et al.l (f2007al ) . ISato et"all 
(|2007D . ISwan et all (I2007ar as well as one data point from the Sa yan telescope. This GRB had a faint afterglow which 
exhibited an early rise (jWren et al1l2007at IMelandri et "aIl l2008D and a slow decay , we find a = 0.55 ± 0.02 from a 
joint fit. The SED is red (/3o = 2.27 ± 0.12, in agreement with ICenko et al1l2009bD . and, under the ass umption of a 
cooling bre ak between the X-rays and the optical, the X-ray spectrum (from the Swift XRT repository, lEvans et al.l 
120071 120091 ) yields /3 = 0.66 and we derive Ay = 0.74 ± 0.03 with SMC dust. Similar values are found if we assume a 
cooling break redward of the optical and derive the spectral index from the optical decay slope. ICenko et al.l ()2009bf ) 
derive a slightly higher value. Ay = 0.96 ± 0.09. 

GRB 07102 0, z = 2.1462. — We constru cted the light curve and the SED with data from the followin g sources: 
ICenko et all (l2009bD . iFv nbo et al.l (l200 l) . ISchaefer et al.l (l2007l). lYuan et all (|2007a[ ). iBloom et al.l (pOOl . Ixin et al.l 
(|2007[ ). llm et al.l (|2007f r Hcntunen ( 20071) . and llshimura et aLl (l2007aD. as well as our own data set (SARA, Z-600 and 



AZT-8). This very bright GRB had a bright ea rly afterglow ( Schaefer et al.|[2007f ) and featured a strong rebrightening 
or plateau phase after about 0.2 days ()Im et a l. 2007). Excluding the ver y first ROTSE point , we find the afterglow 
decays with a = 1.11 ± 0.07, and, after « 0.2 days, rises with ur « —0.4. lYuan et al.l (|200 7al) report a steeper early 
decay slope of a = 1.52, which m ay point to an additiona l component from a reverse shock flash. The X-ray spectrum 
(from the Swift XRT repository. lEvans et al.lf2007ll2009l ) is hard, with /3 w 0.8. Assuming no cooling break between 
the X-rays and the optical, we find, with SMC dust. Ay = 0.28 ± 0.09. The uncorrected SED is moderately reddened, 
it is /3o = 1.47 ±0.21. 

GRB 071025, z = 4.8 ± 0.4. — We constru cted the light curve and the SED with data from t he following s ources : 
iPerlev et al.l (|2010[ ) , and iJiang et al.l ()2007D . This afterglow has been extensively discussed in iPerlev et al.l ()2010D . 
No spectroscopic redshift is know, but photometric constraints as well as the trace of a very low-S/N Keck HIRES 
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spectrum ()Fvnbo et al.ll2009D indicate z = 4.4 - 5.2, and lPerlev et al.l (|2010[) use z = 5 in their discussion, which we 
adopt. They find a complex, double-peaked light curve. Fitting the two peaks separately (but using all available filters 
in each case), we find ai = -1.39±0.18, a2 = 1.89±0.30, h = 0.0073±0.0008 days, n = 1 fixed, and ag = -5.10±0.58, 
a4 — 1.42 ±0.02, tb = 0.0138 lb 0.0002 days, n = 1 fixed, f or the first and second peak, respectively. These values are in 
rough agreement with those found bv lPerlev et al.l (|2010l ). Those authors find that the SED, which is well-determined 
in the NIR, shows a plateau phase between the J and H band s, which we fully confirm from both our early and late 
SED (which also show a different color, like lPerlev et al.ll2010l find). They are unable to fit the SEP with any typica l 
dust model (which we also confirm), but find that it can be fit well with SN-synthesized dust (jMaiolino et al.|[2004[) . 
To correctly derive the intrinsic luminosity of the afterglow, we used the dust extinction in the individual filters A\ (it 
is Aj^ = 1.98 mag. Ay = 1.29 mag, Aj = 1.14 mag. Ah = 1.18 mag, and Ak = 0.95 mag, D. A. Perley, priv. com.). 
Correcting for these values, we find a straight SED with /3 = 0.93 ± 0.05, in accordance with lPerlev et alj (j2010D . who 
find P = 0.96 ± 0.14. Extrapolating this to the Rc band, we find Aj^^ = 3.74 mag, note that this is a combined effect 
of Lyman a absorption as well as dust reddening, the two can not be disentangled due to insecurities in the dust model 
(D. A. Perley, priv. com.). We find dRc ~ 4.20 mag from [3 = 0.93 ± 0.05, z = 5 and no dust, for a total shift of 
dRc = 7.94. This large correction makes the afterglow of GRB 071025 one of the most luminous known at early times. 

GRB 0711 2 2, z = 1.14. — We constr u cted the light curve and the SED with data from the following sources: 
iCenko et al.l (|2009b). and iBrown et ap ()2007[ ). This GRB had a faint afterglow which exhibited a slow rise and 
long plateau phase ( Cenko et al.l 2009b') . There are not enough filters to freely fit the SED. The X-ra y spectrum (from 
the S wift XRT repositorv. lEvans et al, .2007. . ,20091 ) is hard (though this may be influenced by a flare, IStamatikos et al] 
|2007| ). with /3 = 0.66. Assuming no co oling break b etween the X-rays and the optical, we find, with SMC dust, 
A\[ = 0.22 ± 0.23, significantly less than ICenko et all (|2009b( ). who derive Ay = 0.58 ± 0.05. This is puzzling, as our 
uncorrected slope (/3o = 0.99 ± 0.43) is in agreement with their value (/3o = 1-3 ± 0.6). 

GRB 080721, z = 2. 591 ± 0.001. — We construc ted the light curve and the SED with data from the following sources: 
IStarling et all ([20090 ^nd 'Huang ct al.' (' 2008bD . This very energetic GRB, which also had a very bright afterglow, is 
discussed in detail in [Starling ct al. (2009i). We confirm that the data up to 30 days can be fit with a si ngle power-law 
with neither a (jet) break nor host galaxy contribution. Our value (a = 1.239 ±0.005) agrees with that of lStarling et al.l 
(|2009D (a = 1.256 ± 0.010). There is some scatter involved in the data, leading to a high (9''' for 25 degrees of 
freedom). We note that all data after three days lies systematically beneath the fit. Fixing n = 10 and fitting with a 
broken power law, we find ai = 1.217 ± 0.008, a2 = 1.446 ± 0.071 and tb — 1.32 ± 0.88 days, and an improvement in 
the fit (x^ — 69 for 23 degrees of freedom, Ax^ = 28 for 2 additional parameters). If real, this is a very shallow break, 
and A g = 0.23 ± 0.07 may indicate that it is a cooling break. While the SED data has large errors (see IStarling et aLl 
[2009I) . we find a red slope (/3 o = 2.36±0.30), and, using /? = 0.86 from the X-rays (no cooling break between X-rays and 
optical, IStarling et alll2009[) . we find Ay = 0.35 ± 0.07. Correcting for this extinction, the afterglow o f GRB 080721 
is see n to be one of the most luminous known at early times, in accordance with its extreme energetics ([Starling et al.l 
[20091) . 

GRB 080810, z = 3.35104. — We c o nstructed the l i ght c u rve and the SED wi th da ta from the fo l lowing sources: 
iPage et al.l ([20091 ) llkeiiri et al.l ([20081 ) . lUemura et al.l (|200l . [Okuma et al.l ([20Q8I), and lYoshida"eFaI[ ([2008cl) . as wefl 



as our own data set (RTT150 and several Russian telescopes). This complex, moderate redshift GRB had a very 
luminous afterglow featuring early variability contemporaneous with the 7-ray emission ([Page et al.l l2009( ) . After 
about 0.00 4 days , the afterglow can be fit by a single power-law decay, with a = 1.153 ± 0.003, in agreement with 
IPage et al.l ([20091). who find a = 1.22 ±0 . 09. Th ere is marginal evidence for late steepening, which was already noted 
bv lGaleev et al.l ([20081 ) and lThone et al.l ([2008d[ ). this may be a candidate for an o ptical jet break, b ut the post-break 
decay is not measured long enough to make a significant case for a break (see also IPage et al.|[2009() . The SED shows 
a bit of scatter, and free fits do not yield good results. The uncorrected SED is moderately red (/3o = 1.24 ± 0.08), 
indicating possibl e additional dust along the line of sight. The spectral slope of the X-ray spectrum (/? = 1.00 ± 0.09, 
for the late data. IPage et al.ir2009( ) is in agreement with the spectral slope (/3 = 0.44) de rived from the op tical decay 
assuming an ISM environment and a cooling break blueward of the optical (as found bvlPage et al.l[2009f l. so we use 
/3 = 0.5 and find a typical amount of SMC dust, Ay = 0.16±0.02. Note that lPage et al.l l[2009l ) find the same slope, but 
intrinsic, with no need for extinction. The dust models can not be distinguished yet, this will need further NIR data. 
After correction, the afterglow of GRB 080810 is found to be one of the most luminous ever observed, comparable to 
GRB 061007 at early times and to GRB 090313 at later times. 

GRB 081203A, z = 2 05 ± -01 .— We constructed the light curve and the SED with data f r om the fo l lowin g 
sources: lAndreev et al.l (l2008al[bl) . 'De Pasqu ale fc ParsonsI ([20081) . I Volkovl ([200l. [V^^t et al.l ([200I ) . iLiu et al.l ([2001). 



iMori et al.l ([2008f ). Ilsogai fc Kaw ai (2008)^ Rumvantsev et all (I2008D. and iFatk hullin et al.r(p008l) We set Tp as 69 
seconds before the Swift trigger. This GRB hat an very bright early afterglow ( Kuin et al. 120091 : IWest "eraLl[20M) 



observationally and shows a strong early rise and peak. Most of the filters it was detected in lie beyond Lyman a. 
The SED comprises only five filters {Bg'VRcIc) and shows strong curvature, which le ads to unphysical r e sults in free 
fits (especially for SMC dust). The X-ray spectrum (from the Swift XRT repositorv. lEvans et "all 120071 [20091 ) gives 
/3 = 1.096, and as the uncorrected spectral slope in the optical is already shallower than this, we assume a cooling break 
between the two bands and fix /3 = 0.596, and the best fit is found with a small amount of SMC dust, = 0.09 ±0.04. 
At z = 1, this would have been one of the brightest afterglows ever seen at very early times, reaching 10th magnitude. 
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Details on the Swift-era Bronze Sample 

GRB 050315, z = 1.9500 ± 0.0008.— Data taken from iBerger et al.l H2005b( ). IBersier et all (|2005[ ). IGorosabel et al.l 
(|2005( ) (host galaxy) as well as our own ANDICAM data set. 

GRB 050318, z = 1.4436 ±0.0009. — Data taken from IBerger et al.l (|2005b[) and lStill etall (|2005D . iSchadv et alj (|2010f ) 
find SMC dust is preferred for this GRB, and derive a rather high Ay w 0.53. 

GRB 050603, z = 2.821.— Data taken from IBerger fc McWilli;m] (|2005f ) . iGrupe et al.l (|2006al ). and lLi et al.1 ()2006l ). 

GRB 050 908, z = 3.34 67.— Data taken from iCenko et al] (|2009bD . iToriil (|2005bD . O (|2005aD . iKirschbrown et al.l 
(|2005[) . and lDurig et~all (|200l . as well as a single point from Maidanak. 



GRB 060512, z = . 4428. — Data taken from Mclandri et al. (2008), 'Cenko' f2006a|), iHeartv et all (|2006b( ). iMilnd 
(|2006l) . lTMraka et all (l2006l).ipe Pasauale fc Cumm ings (2006), and Klotz et al. (20061). as well as NOT J band data 
we publish here. ISchadv et al.l (|2010( ) find that no dust model is capable of fitting the SED well, and derive moderate- 
to-high extinction in all cases {Ay « 0.47 — 0.66 for the "least bad" SMC dust.) 

GRB 060605, z = 3 . 773 ± .0 01. — Data take n from iFerrero et jilj (I2009D. iRvkoff et al.l (I2009D , iZhai et all 



(l2006l). iKhamitov et al.1 (l2006aD . IKhamitov et~al] (12006' 
iKarska fc GarnavichI ()2006h . We follow iFerrero et aUlpW^ and assume /3 
find that no dust model can be preferred, and find moderate extinction (Ay 



IMalesani et all (|2006D . ISharapoy et al.l (120061 ) and 
1.06 in this case. ISchadv et al.l (|2010l ) 
0.25 — 0.35) for all cases. 



GRB 060707, z = 3.4 25 ± 002.— Data taken from Ide Ugarte Postigo et all (|2006aD . iStefanescu et all (|2006aD . 
ISchadv fc Morettil (|2006f ). and I Jakobsson et al.l (|2006cD . 

GRB 060714, z = 2.711±0.001. — Data taken from IStefanescu et al.l (|2006bf ) . [Jakobsson et all (|2006df ). IMelandri et al.l 
(l2006aD. A. Pqzanen ko, in preparation (paper on the GRB 060714 afterglow), as well as our own ANDICAM data set. 
ISchadv et al.l ()2010f ) find that no dust model can be preferred significantly, and find moderate extinction {Ay « 0.46) 
for the SMC single power-law case. 

GRB 060729, z = 0.5428. — Data taken f romlGrupe et all (l2007a l). IRvkoff et"all ()2009f). and lQuimbv fc Rvkofil (|2006f l. 
as well as our own ANDICAM data set. ISchadv et al.l (|2010l ) find that no dust model can be preferred significantly, 
and find low extinction {Ay sa 0.03 — 0.18) for all cases. 



E 



GRB 06112 1 z ^ 1.3145 — Dat a taken from iPage et all (I2007D. iMelandri et all (I2008D . lYost et all (|2006f) . 
mura et al.l ()2006l ). iCenkol (l2006bD. iHalperii et al.l (|2006l ). iHalpern fc Armstrongl (j2006al lbl). as well as our own 
data set (ANDICAM, Shajn). ISchadv et al.l (j2010( ) find that a cooling break between the X-ray and the optical 
bands is preferred, but can not distinguish the dust models significantly beyond this, finding moderate extinction 
(^v ~ 0.28 - 0.55) for all cases. 

GRB 070110, z = 2.3521.— Data taken from lTroia et all ()2007D and IMalesani et al.l ()2007allbl ). ISchadv et all ()2010D 
find that a cooling break between the X-ray and the optical bands is preferred at low significance, but can not 
distinguish the dust models significantly beyond this, finding moderate extinction {Ay « 0.23 — 0.49) for all cases. 

GRB 070411 z = 2.9538.— Data take n from IFerrero et all (|2008af) . IMelandri et~all (|2008D . iJelfnek et all ()2007D . 
IBerger et al] (l2007l ). iPrieto et al.l (l2007l). iPerlev et al.l (|2007a[) . and D. Malesani et al., in preparation (paper on the 
GRB 070411 aftergloVyriSchadx. et al.l (I2010D are only able to rule out high extinction toward this GRB, with < 
0.21 — 0.47 depending on the dust different models. 



GRB 070612A z = 6 17. — Data taken from lUpdike et all (I2q07allbl) . ICenko et al.l (l2007aD. iMirabal et all (|2007allH ) , 
lYoshida et alj (|2007b[ ). IMalesani et al.l (|2007cf ) jD^\vanzo et al.l ()2007D . and iTaubenberger et all (|2007D . 



GRB 070810A z = 2.17. 
lYuan fc Rvkoi (pOOl . 



Data taken from iChester et all (|2007D . iThone et al] (|2007aD . IPerlev et al] (|2007b[ ). and 
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TABLE 3 

Results of the SED Fitting for the Golden Sample - Part I 
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Note. — Filters that are not used for the fit (eg, duo to Lyman a dampening) are not included. The degrees of freedom of the fit are always number of filters minus 
three for the fits with extinction, and minus two for the fit without extinction, is the spectral slope without extinction correction. Ui 2 3 denote the Swift UVOT 

UVWl, UVM2 and UVW2 filters, respectively. 33.6,4.5,8.0,24.0 denote Spitzer Space Telescope IRAC 3.6fim, 4.5/j,m, 8.0/J.m and MIPS 24.6/i'm filters, respectively. A 
superscript G d enotes a Gunn filter . A subscript G denotes GB.OND dichroic filters. The results on GRB 050904 are taken from P^^n et aL| l^flClTal ). the results on GRB 
060526 are from lTh^ne et al.| j^OltJ) . 
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TABLE 4 

Results of the SED Fitting for the Golden Sample - Part II 
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Note. — Filters that arc not used for the fit (eg, duo to Lyman a dampening) are not included. The degrees of freedom of the fit are always number of filters minus 
three for the fits with extinction, and minus two for the fit without extinction. /3q is the spectral slope without extinction correction. U\ 2 3 denote the Swift UVOT 
UVWl, UVM2 and UVW2 filters, respectively. S3 g 4 5 g_Q 24. Q denote Spitzer Space Telescope IRAC 3. 6^1111, 4.5^m, 8.0/.im and MIPS 24.6/i'm filters, respectively. A 
superscript G d enotes a Gunn filter . A subscript G denotes GROND dichroic filters. The results on GRB 050904 are taken from fKann et al.l |2007a| ). the results on GRB 
060526 are from fTTTSne et al.| I^OIJ) . 



Swift Type II GRB Afterglows 



TABLE 5 

Corrected Apparent and Absolute Magnitudes of Type II 
Afterglows 
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-24.211:0-18 


B 


050401 


-5.06 


18.90 ±0.25 


-23.82 + 0.25 


20.25 + 0.35 


-22.47 + 0.35 


B 


051109A 


-2.08 


18.90 ±0.12 


-23.85 + 0.12 






B 


051111 


-1.52 


20.10 ±0.15 


-22.70 + 0.15 






B 


060210 


—9.85 










B 


060502A 


— 1.99 


on 1 n 1 n on 

20.10 ± 0.30 


OO o 1 1 n on 

— 22.81 + U.3U 






B 


060906 


—3.37 


-LO.J-!j _l_ W.iJVJ 


_04 Qi -1- n 

^'i.iji _1_ \J .\J\J 






B 


060927 


-5.74 


19.70 + 0.62 


-23.16 + 0.62 






B 


070208 


-1.82 


20.50 + 0.40 


-22.32 + 0.40 






A 


071020 


-2.80 


18.00 + 0.30 


-24.86 + 0.30 






B 


071025 


-7.94 


18.45 + 0.42 


-24.44 + 0.42 






B 


071122 


-0.80 


20.21 + 0.30 


-22.61 + 0.30 






A 


080721 


-3.68 


18.10_Q 25 


-24 72+0-2f* 


on 4'3+0.28 
zu.y:0_Q 27 


— 99 44+0-28 
^^■^^-0.27 


B 


080810 


-3.52 


17.50 + 0.10 


-25.28 + 0.10 


20.50 + 0.50 


-22.28 + 0.50 


B 


081203A 


-2.00 


20.00 + 0.18 


-22.80 + 0.18 


22.90 + 0.33 


-19.90 + 0.33 


B 


050315 


-1.64 


20.04 + 0.15 


-22.76 + 0.15 






B 


050318 


-0.91 


21.04 + 0.40 


-21.76 + 0.40 






B 
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GRB'' dRc° Rc (at 1 day'^) Mb (at 1 day<=) Rc (at 4 days<=) Mb (at 4 days'^) Type"* 



050603 


-2.51 


18.44 + 0.20 


-24.36 + 0.20 






B 


050908 


-2.90 


19.30 + 0.50 


-23.50 + 0.50 






B 


060512 


+2.03 


23.20 + 0.20 


-19.60 + 0.20 






A 


060605 


-3.61 


20.90 + 0.20 


-22.03 + 0.20 






B 


060707 


-2.96 


19.84 + 0.30 


-22.96 + 0.30 






B 


060714 


-2.42 


19.91 + 0.20 


-22.89 + 0.20 






B 


060729 


+1.54 


19.34 + 0.10 


-23.46 + 0.10 


21.15 + 0.10 


-21.65 + 0.10 


A 


061121 


-0.68 


20.45 + 0.07 


-22.35 + 0.07 


22.02 + 0.20 


-20.78 + 0.20 


A 


070110 


-2.08 


19.16 + 0.30 


-23.64 + 0.30 


21.15 + 0.30 


-21.65 + 0.30 


B 


070411 


-2.62 


20.18 + 0.10 


-22.62 + 0.10 


22.78 + 0.50 


-20.02 + 0.50 


B 


070612A 


+1.21 


19.80 + 0.20 


-23.00 + 0.20 


23.21 + 0.50 


-19.59 + 0.50 


A 


070810A 


-1.89 


22.26 + 0.40 


-20.54 + 0.40 






B 



^ First block: Additional prc-Swift Golden Sample; second block: Golden Sample; third block: Silver Sample; fourth block: Bronze Sample. 

^ Magnitude shift, see K06. 

^ After the GRB, assuming z—1. 

^ Type A: 2 < 1.4; Type B: .2 > 1.4. See K06 for more information on the two types. 
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TABLE 6 

Early Afterglow Peak or Limit Magnitudes 



Typc^ 


GRB 


Time 


Rc Magnitude'^ 


Peak -f- Fast Decay 


990123 


0.0004440 


7.60 it 0.02 




KjOKJO ±iJ D 




r: 1 Q + n n9 




06112P^ 


U.UUU 1 U4 I 


1/1 iQ^n ia 




UbUOZD 


n nni /i no q 
0.U0i4Uo8 


1 O 1 Q J— n 1 A 

iz. io ± U. 14 




uuu I zy" 


n nni A'^f\^ 

KJ.VKJ l^OUO 


1 7 on ^ n 1 ZL 




uouyu4 


n nni fiQ i c 
U.UUiDoio 


D.4o ± U.Z4 




080129' 


0.0022666 


13.51 ± 0.10 




070802j 


0.0155854 


15.34 ± 0.07 


Limit + Fast Decay 


080413A'^ 


0.0001546 


9.55 ± 0.08 




071020 


0.0002060 


10.64 ±0.05 




061126 


0.0002495 


11.23 ±0.01 




060908 


0.0004103 


12.51 ± 0.04 




090102 


0.0005246 


11.61 ± 0.20 




090424 


0.0013043 


13.78 ± 0.10 


Pcali + Slow Decay 


080810' 


0.0007660 


9.04 ±0.12 




061007 


0.0010277 


8.04 ±0.13 




060607A 


0.0010565 


10.98 ±0.05 




060714™ 


0.0011901 


15.10 ±0.27 




081008 


0.0013476 


11.04 ±0.03 




060418 


0.0017900 


12.98 ±0.05 




060605 


0.0020854 


11.59 ± 0.10 




071025 


0.0021328 


10.45 ± 0.06 




070810A" 


0.0023068 


14.84 ± 1.00 




071112C° 


0.0023744 


16.79 ± 0.10 




080210P 


0.0024286 


11.44 ±0.30 




0507301 


0.0028513 


11.80 ±0.30 




080319C"' 


0.0029180 


13.83 ± 0.02 




081203A= 


0.0031460 


9.89 ± 0.01 




070208 


0.0032076 


17.35 ± 0.20 




050820A* 


0.0033973 


11.97 ±0.02 




060210" 


0.0035812 


8.00 ±0.08 




071010A 


0.0054710 


15.06 ± 0.10 




071031 


0.0070640 


15.27 ±0.07 




070419A 


0.0070725 


17.87 ±0.15 




060904B" 


0.0071057 


17.19 ± 0.09 




090313 


0.0071958 


10.95 ± 0.05 




060729^ 


0.0086297 


18.00 ±0.10 




060707" 


0.0114726 


15.90 ±0.17 




060206" 


0.0171000 


12.57 ±0.03 




080928" 


0.0172837 


14.56 ± 0.28 




080710 


0.0274666 


16.45 ± 0.05 




060906^ 


0.0521760 


15.35 ± 0.18 




030429 


0.0841990 


15.83 ± 0.08 




070612A" 


0.1133787 


18.05 ± 0.20 


Limit + Slow Decay 


060927^ 


0.0000685 


9.03 ± 0.20 




050401 


0.0002119 


11.57 ±0.29 




050502A^ 


0.0002242 


10.44 ±0.11 




051109A 


0.0002554 


12.54 ±0.20 




051111='=' 


0.0003312 


11.14 ±0.03 




071003=''^ 


0.0003949 


10.34 ±0.02 




050319="= 


0.0009090 


12.94 ±0.14 




050525A="^ 


0.0009513 


13.20 ±0.24 




080721 


0.0010968 


9.10 ±0.01 




060502A 


0.0011465 


16.41 ± 0.07 




050922C 


0.0011617 


12.55 ± 0.03 




060512 


0.0015863 


17.46 ± 0.17 




080913 


0.0016264 


15.25 ±0.03 




050802 


0.0024857 


14.33 ± 0.25 




050824 


0.0080368 


18.33 ± 0.35 


Plateau + Peak 


080310 


0.0020151 


13.99 ±0.07 




080330="= 


0.0032251 


15.70 ±0.13 




060124 


0.0036178 


13.61 ± 0.11 




070411 


0.0059173 


14.07 ±0.10 




070110='' 


0.0300253 


16.66 ± 0.26 




021004='s 


0.0529879 


13.67 ±0.12 




071122 


0.0575405 


18.82 ± 0.38 




970508=''' 


2.1210965 


19.33 ± 0.10 


Limit + Plateau 


050801 


0.0002186 


12.87 ±0.05 




050908 


0.0013855 


15.42 ±0.10 




050416A 


0.0017643 


19.55 ± 0.30 




041006 


0.0034965 


17.78 ± 0.10 




090423 


0.0037297 


15.57 ±0.11 




040924 


0.0117394 


17.63 ± 0.10 
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Type"" 


GRB 


Timc'^ 


Rc Magnitude'^ 





See text for more details on the basic types. 
^ Days after the GRB trigger in z — 1 frame, either peak time or earliest deteetion. 

^ In z — 1 frame, either peak magnitude or magnitude of earliest deteetion. Errors do not include error of dRc. 

^ Complex multi-peaked structure during prompt GRB emission, last and brightest peak given. Followed by very steep decay, probably due 
to curvature effect radiation, then a less steep decay of a probable reverse shock JRacusin et al.|[200l IBeskin eTaI|[200g| : IBloom e"ral||2009l : 
iWozniak eralll200g|^ . 

^ Peak associated with the main prompt emission peak jPage et al.l|200^ . 

^ Associated with a bright prompt emission flare, also seen as a giant X-ray flare (jThone et al.|[2010l ). 
^ First of three peaks, fast rise and decline. 

^ Comes after plateau phase, possibly associated with the prompt emission, but steep decay typical of a reverse shock later. 
^ Extremely fast optical flare, possibly associated with the prompt emission JGreiner" et al.|[2009a|) . 
^ Steep rise and decay, but seems superposed on a forward shock peak (jKriihler et al.l|200gD . 

The situation for this afterglow is somewhat unclear. While the flrst point lies on an extrapolation of the late decay (which has a typical value 
for a forward shock), the second point is significantly fainter, and it is followed by a small optical flare associated with a prompt emission peak, 
implying a steep decay between the first and second data point ]Yuan et al.|[2008bD . 

^ The decay after the peak is very slow, forming a plateau before breaking into a typical forward-shock decay. 
^ There is a second peak after the flrst one reaching almost the same magnitude level. 
^ Data situation is sparse and the given value may not represent the true peak. 

° The very earliest data point implies a very early steep decay. The peak is followed by a plateau. 
^ The very earliest data points imply a very early steep decay. 
^ Followed by an early optical flare, possibly an energy injection. 

^ The peak is possibly followed by a steep decay, but lKuin et all | |2009| ') do not publish the data shown in their flgure, and the Swift observations 
stop at a critical point. 

Preceded and partially superposed by flares linked to the prompt emission iVestrand et al.lf200^ 'l. 
* The peak is preceded by an early plateau phase. 

Value given for the second peak. There is a very early complex var iability iRvkoff et al.ll2009f) . and the second flare is followed by a plateau 
probably due to an energy injection. 

^ Second of three peaks, followed by a plateau phase, a decay, and another optical rebrightening jGrupe et al.|[2007a|) . 
^ Late, very bright peak probably due to a strong energy injection jWozniak et al'1|2006l) . 

Late peak after an early plateau and a decay dCenko et al.ll2Q09bl') . 
^ Possibly a peak, as decay is slower between the first two points than later. Followed by a strong rebrightening jRuiz-Velasco et al.|[2'007n . 
^ Possible very early plateau or peak, as there is hardly any decay between the first two points (jYost et al.l|2005l ). 

The early decay is slightly steeper than later, probably due to a tail component associated with the prompt emission lYost et al.1 I2007al 1: 
IButler et al] I I2006I '). 

Followed by a small chromatic bump and a later, strong rcbrig htening jPerlev et"ani20Q8dD . 
Followed by a plateau phase dQuimbv et al.||2006l) . 
^'^ Later followed by a plateau phase tjKlotz et aL|[2'005afl . 
Long, slow rollover preceded by early complex variability. 

af 

Follows an early, sparsely sampled decay, goes over into a long rollover. 

Complex evolution, early plateau, then decay to second plateau, then rise to the peak given here. 

ah 

Very faint (Rc ~ 20.9) early plateau starting < 0.15 days after the GRB, which goes over into a very strong, late rebrightening. 
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TABLE 7 

Energetics of the Low-Redshift Type II GRB Sample 



GRB 


Redshift z 


Fluence Band (keV) Low-energy 


High-energy 


-^p.rost 


log -Eiso.bol References 






(10"'' erg cm~^) index a 


index /3 


(keV) 


(erg) 





u.uuoDi m u.uuuu^ 


oo. ( Hz o.y 




— zuuu 


1 97 -t- O 9^^ 
— ±.Z / III U.ZO 


9 -1- n A(\ 

— Z.O III U.'rtD 


020903 


0.2506 ± 0.0003 


98+°-^I 


2 - 


- 400 


— 1 ± 0.3 


"+0.5 


031203 


0.10536 ±0.00007 


20 ±4 


20 


- 200 


-1.63 ±0.06 




050223 


0.584 ±0.005 


8.8+0-9 


15 


- 350 


-1.7 ±0.2 




050826 


0.296 ± 0.001 


10+3 


15 


- 350 


-1.2 ±0.3 




051016B 


0.9364 




15 


-350 


-1±0.3 


-2.1 ±0.3 


060202 


0.783 


38^3 


15 


-350 


-1.7 ±0.1 




060218 


0.03342 ± 0.00002 




0.5 


- 150 


-1.44 ±0.06 


-2.54 ±0.07 


060319 


1.15 


2.4 ±0.3 


15 


-350 


-1 ±0.3 


-2.2 ±0.3 


060602A 


0.787 


35+1 


15 


-350 


-1.3 ±0.2 




061028 


0.76 




15 


- 350 


-1.7 ±0.3 




061110A 


0.7578 


20+_l 


15 


- 350 


-1.6 ±0.1 





+24.2 
-24.2 
1.75 
1.00 



119.0 
3.25 
159.2 ± 50.8 
106.lti™,« 
440.6^10^2' 



71.6^ 



.,+36.8 
" ,9.7 
156 9+613.4 

4.83 ± 1.19 
,07 1+766.6 

186-3t?g^3* 



48.03to.OT 

49 99+0-23 
'iy.z3_Q 21 
Kn nc+0.08 

50.06_(, 10 
50.85_(,Q7 
50.48^0-37 

50 "S7+0-''0 

CI oc:+0.27 
Oi.OO_Q 07 

49.50^0-05 

51 •^1+0-34 

+0.16 
1.18 

51.36^0-36 

CI 4t;+0.30 



51.98 



1 

2 

3, 4 

5 

5 

5 

5 
6, 7 
5, 8 
5, 8 
5, 8 

5 
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